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Abstract 
 
The tectonic evolution of the Mid-Norwegian margin is comprised of several 
extensional episodes that configured the different geological provinces and 
domains with special structural and depositional characteristics. The Vøring 
province incorporates three structural domains. In this research the Proximal 
domain which is represented by the Inner Trøndelag Platform is located in the 
east part of the area. The Terrace domain, located in the west part of the 
Trøndelag Platform comprises the Dønna and Halten terraces; it extends from 
the Nordland Ridge until the Klakk Fault complex. The Distal domain is the 
west limit of the area and starts from the Ras basin until the Gjallar Ridge. 
The seismic interpretation shows that the Inner Platform experienced the 
action of the early rift stage during Late Paleozoic – Early Triassic. The early 
rift (Rift 1) is characterized by normal faulting with NE-SW strike direction with 
planar and listric characteristics. The wells report that the syn-rift 1 sequence 
is compounded by evaporites and shales. These interbedded with sandstones 
deposited in continental to shallow marine environments. The seismic analysis 
shows that the geometries of the depocenter during the early rift and post-rift 
stages were highly controlled by the trend of the faults.  
During Late Triassic - Middle Jurassic the Proximal and Terrace domains 
experienced sedimentation in a period that was tectonically stable. The wells 
drilled in the Inner Platform and the Dønna and Halten terraces reported 
sandstones with good reservoir characteristics coming from Norwegian 
highlands. 
The intermediate rift stage (Rift 2) started during the late Middle Jurassic. This 
is evidenced mainly in the Terrace domain. The extensional episode is 
characterized by NE-SW and NNE-SSW normal faulting affecting shale and 
claystone with high content of organic matter interbedded with sandstones that 
were deposited in an open marine environment. The seismic attributes show 
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that the coarse sediments came mainly from the Nordland Ridge and that the 
sediment pathways were conditioned by the strike of the faults generated 
during the Rift 2 stage. 
The Distal domain comprises the Cretaceous Vøring basin. The seismic 
interpretation shows that the action of the late rift stage (Rift 3) is evidenced in 
the Gjallar Ridge and Nyk High starting since Campanian times. The rift 3 
generated listric faults with NE-SW direction. The sedimentation during the 
Middle and Late Cretaceous in the Vøring basin is mainly pelagic and 
hemipelagic, with some turbidite deposits that were controlled by the faults 
with the NE-SW strike. During Early Cenozoic, the area experienced periods 
of inversion that created a series of ridges and domes that were affected by 
erosion. The final break-up occurred during Eocene times and included 
intense igneous intrusions especially in the Cretaceous sequence. 
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1 Introduction 
 
1.1 Project Rationale 
Episodic changes of the far-field stress field and the geodynamic 
reconfiguration of the Mid-Norwegian margin during subsequent rifting and 
break-up stages led to the development of contrasting tectono-depositional 
domains, including platforms, rift basins, intra basin highs, transfer zones and 
outer margin highs. All these domains affected the geodynamic evolution of 
the Mid Norwegian margin and its related sedimentary basins in different 
locations and time stages.  
The project is focused on the different tectonic domains that were affected by 
the different extensional episodes in the Vøring province. Taking advantage 
that the Spectrum Seamless 3D seismic data covers areas from the platform 
to the outer marginal high (Figure 1-1), it is possible to understand the 
relationship between the structural and depositional processes of the different 
domains in one margin-scale with geophysical and geological data set. The 
project connects the regional geological context with detailed 3D seismic 
interpretation and well information in the different structural domains of the 
Vøring province. 
The tectonostratigraphic elements are defined according to the location and 
the evolution of the extensional episodes from the early rift stage to the final 
break-up stage. The Proximal domain comprises the Inner Trøndelag 
Platform; this domain is configured by the action of the early rift stage from 
Late Paleozoic until Early Triassic. The rift 1 generated a series of normal 
faults with NE-SW direction that controlled the geometry of the basins and the 
sediment pathways in the Inner Platform. The Terrace domain extending from 
the Nordland Ridge in the east to the Klakk Fault complex in the west shows 
evidence of the intermediate rift stage (Rift 2) from the latest Middle Jurassic 
to Early Cretaceous. This extensional stage created a series of NE-SW and 
NNE-SSW fault trends that controlled the geometry of the basin and the 
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depositional systems in the Dønna and Halten Terraces. The Distal domain 
covers the western part of the Vøring province. This domain experienced the 
action of the late rift stage (Rift 3) during Late Cretaceous and the final break-
up during Eocene times. The extensional episode generated NE-SW faults 
controlling the sedimentary processes especially in the Gjallar Ridge and Nyk 
High. 
The project generates new and detailed insights in the major tectono-
stratigraphic elements and the evolution of the mid Norwegian margin. 
Furthermore, the detailed 3D seismic interpretation in different tectonic 
domains describe the structural architecture, seismic stratigraphy and 
depositional patterns in the different tectono-depositional domains   from the 
early rift until break-up stage. 
 
 
 
Figure 1-1 Map showing the location of the AOR (Area of research). The project is located in the Mid-
Norwegian margin. The red line represents the location of the bathymetric profile, the water depth in the 
area of the project goes from 200 m to 1400 m.  
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1.2 Location 
 
 
 
Figure 1-2  Map showing the main structural elements of the Mid-Norwegian margin. The black broken 
lines show the boundaries of the project. (Modify from Blystad et al., 1995). 
 
 
This research is located in the Vøring province of the Mid-Norwegian margin 
between the 64°N and 67°N.  The area of the project extends from the Inner 
Trøndelag Platform to the east. The western part of the platform includes 
important tectonic elements such as Halten and Dønna terraces.  The western 
boundary of the area is the Gjallar Ridge located in the west part of the 
Cretaceous Vøring basin (Figure 1-2).   
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1.3 Research Approach 
The project is organized into three phases. The first phase presents the 2D 
seismic interpretation and characterization of the mega-sequences identified 
in the different tectonic domains. This phase includes well information 
extracted from the Norwegian Petroleum Directorate (NPD). The information 
from the wells is used to understand the relationship between the seismic 
response and the lithology, and to identify the petroleum systems in the 
different domains. The first phase of the project also includes a regional 
structural analysis. This analysis presents the characterization of the main 
faults and the architecture on each domain as a result of the action of the 
different tectonic stages. 
The second phase of the project consists of a 3D seismic interpretation and 
mapping of the mega sequence in the different domains, to define the 
tectonostratigraphic evolution of the Mid-Norwegian margin. This phase of the 
project allows identifying how the tectonic evolution of the margin controlled 
the different tectono-sedimentary domains from the early rift episode during 
Late Paleozoic until the break-up in Eocene. Additionally, the extraction of 
seismic attributes such as RMS amplitude and spectral decomposition is 
performed to understand the sediment pathways and the distribution of the 
sedimentary bodies on each domain during the different tectonic stages. 
 
1.4 Research Aims  
The main aim of this project is the margin-scale seismic and structural analysis 
of the Mid-Norwegian margin, and the detailed 3D tectono-stratigraphic 
evolution of each tectonic domain from the early rift episode to break-up. 
The aims are to be achieved through the interpretation of 3D regional seismic 
information, the analysis of the lithology information from wells available in the 
Norwegian Petroleum Directorate (NPD), and the extraction of seismic 
attributes on the different tectonic domains. 
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1.5 Thesis Outline 
This thesis is organized in 9 chapters, the first chapter is the introduction with 
some highlights about the location and structure of the project. 
The second chapter show a review about the geological background, where is 
briefly explained the tectonic context of the area, the paleoenvironments and 
important tectonic elements of the Vøring province. 
The chapter number 3 shows the data used to develop the work, the 
characteristics of the information and how the information is integrated to 
develop the project. 
The first section with results is the chapter number 4, where the regional 
analysis from the proximal until the distal domain is described. 6 mega-
sequences were identified and characterized in the Vøring Province. 4 mega 
sequences were interpreted in the Proximal and Terrace domains, and 2 in 
the Distal domain. Furthermore, the chapter 4 also has three-dimensional 
structural analysis on each domain, describing the strike, geometry and timing 
of the main faults affecting each tectonic domain. 
Chapter number 5 integrates the results of the previous section along with 
thickness maps and well information to define the Tectono-stratigraphic 
evolution of the Mid-Norwegian margin. 
The chapter number 6 shows the analysis of the seismic amplitude and 
frequency attributes combined with the lithology from the wells to understand 
how the tectonic evolution controlled the filling patterns and the sediment 
pathways. 
The Chapter 7 describe the presence of some elements of the petroleum 
system and the relationship with the different tectonic stages on each domain. 
Chapter 8 is the section where major findings are discussed in terms of rift 
margin, tectonic evolution and depositional controls.  
Finally, the chapter 9 where there is a summary of the results and some 
suggestions for future work. 
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2 Geological background 
2.1 Geodynamic Settings 
The Mid-Norwegian margin located in the Norwegian sea between the 62°N 
and 69°N (Brekke and Riis, 1987), and is part of the Northeast Atlantic Margin 
(Figure 2-1). The margin has been involved in several rift episodes since the 
collapse of the Caledonides in Devonian times (Hansen, Bergh and 
Henningsen, 2011). The early rift stage (Rift 1) that affected the margin started 
in the Late Paleozoic – Early Triassic, the intermediate rift (Rift 2) from late 
Middle Jurassic – Early Cretaceous, and the late rift (Rift 3) during Late 
Cretaceous – Early Paleocene, followed by the final break-up event during 
Eocene times. All these rifting episodes have been well documented by 
Bukovics and Ziegler, 1985; Brekke and Riis 1987; Peron-Pinvidic & 
Osmundsen, 2018; and others. The Mid-Norwegian margin comprises three 
important structural segments.  The Møre basin in the south, the Vøring 
province in the central part, and the Vestfjorden basin in the north (Figure 2-1).  
The Møre basin is located at south and composed by a narrow shelf and a 
deep cretaceous basin, affected by Magnus-Fozen normal faults and some 
NE-SW normal faulting which gave to the area a configuration of highs and 
depressions filled with sediments from Mesozoic until present times. 
Additionally, is limited at south by Tamper Spur and in the north by the Jan 
Mayen fault zone. (Brekke and Riis, 1987). 
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Figure 2-1 The geology of the Mid-Norwegian Margin. The Møre basin (South), the Vøring province 
(Central) and the Vestfjorden (North) are the main structural provinces in the margin.  The area of the 
project is the Vøring province. The red rectangles indicate the areas affected by the different extensional 
stages rift 1, rift 2 and rift 3 in the Vøring province. Location of section A-A’ shown in Fig. 2.2 (modified 
from Blystad et al., 1995). 
 
The Jan Mayen fracture is a regional sinistral type strike-slip zone that 
separates the Møre basin from the Vøring province (Brekke et al., 1999). 
The Vøring province located in the central part of the Mid-Norwegian margin 
is composed of the Trøndelag Platform in the east, the Dønna and   Halten 
terraces the deep Vøring basin. The Vøring province experienced the action 
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of extensional stages that configured the different structural domains from the 
Late Paleozoic until Eocene times (Figure 2-2). 
 
 
Figure 2-2 A-A’ Cross section of the Mid-Norwegian margin stretching from the Trøndelag Platform to 
the Vøring marginal high, showing the main geological features and the areas affected by the extensional 
stages rift1, rift2 and rift3 (modified from Brekke 2000). 
 
The Bivrost Lineament is a sinistral strike-slip zone that separates the Vøring 
province from the Vestfjorden province. The Vestfjorden and the Riban basins 
located in the North of the Mid-Norwegian margin are dominated by faults 
dipping to the west and striking NNE-SSW. The main rocks present in the horst 
are Precambrian granulite, gneisses and felsic volcanic intrusions (Hansen, 
Bergh and Henningsen, 2011). This province is characterized by a short shelf 
even shorter than Møre and Vøring area. The sedimentary sequence in these 
Ribban and Vestfjorden basins are shallower comparing to the other provinces 
with sediments from lower Mesozoic until Cretaceous (Faleide et al., 2008) 
 
2.2 Paleogeographic setting of the Norwegian Margin 
The North-West of Europe experienced compressional events during 
Paleozoic times, the Taconic orogeny developed during Ordovician times and 
the Caledonian during Devonian times (Bukovics and Ziegler, 1985). The Mid-
Norwegian margin was especially affected by the Caledonian orogeny which 
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is caused by the collision of Greenland – Laurentian and the Fennoscandian 
– Russian plates. The orogeny generated a series of compressional folding 
along the Arctic and North Atlantic, during Ordovician and Early Devonian 
times (Lundin and Doré, 1997).  
From Middle Devonian to Late Carboniferous the area of the future Norwegian 
margin was affected by transpressional deformation that led to major sinistral 
movements. This tectonic configuration caused rapid subsidence and 
sedimentation of intramontane red sandstones (Bukovics and Ziegler, 1985). 
Consequently, the Tethys ocean started to close, Gondwana and Laurasia 
collision developed the Variscan orogeny; therefore, this tectonic stage lead 
to the configuration of the supercontinent of Pangea (Muttoni et al., 2009). 
The Early Permian time was a period of major changes in the configuration of 
the tectonic plates especially in this area (Figure 2-3). The Pangea 
supercontinent started to break-up (Muttoni et al., 2009). The Norwegian – 
Greenland Sea rift system carried on, as a result, the tension stresses acting 
in the north-western side of Bay of Biscay fracture zone may have assisted 
the southward propagation of the rift system in the future Norwegian Sea, and 
developing uneven subsidence and sedimentation of continental siliciclastics 
(Bukovics and Ziegler, 1985). The depositional environment changed from 
continental to lacustrine and allowed the deposition of alluvial conglomerates 
intercalated with shales. 
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Figure 2-3 Distribution of structural elements and facies at Permian times North Atlantic. Modified from 
The Millennium Atlas (2003). 
The continual rifting activity generated large rotational fault blocks and its 
related half-graben subsided due to the extensional crust phase during 
Triassic in the East Greenland (Bukovics and Ziegler, 1985). This helped to 
increase the sea level on the basins in the Artic and North Atlantic, creating a 
connection between north and south Permian basins. The transgression, 
caused by the rifting activity and the progressive deglaciation of the Gondwana 
continent, helped to increase the sea level on the basins in the Artic and North 
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Atlantic, creating a connection between north and south Permian basins 
(Bukovics and Ziegler, 1985).  
During Early Jurassic the East Greenland experienced a passive margin 
sedimentation, the process was controlled by a marine transgression, that 
deposited sandstones in a shallow to open marine environment (Lundin and 
Doré, 1997).  
 
Figure 2-4 Distribution of structural elements and facies at Late Jurassic times North Atlantic. Modified 
from The Millennium Atlas (2003). 
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Then, during Middle Jurassic, the Artic and North-Atlantic area maintained the 
tectonic activity. Whilst the Nordland area was uplifted, the adjacent basins at 
the west such as Møre and Vøring began to subside rapidly (Bukovics and 
Ziegler, 1985). The marine connectivity and circulation between the west 
Mediterranean and the Central and North Atlantic favoured the generation of 
vast carbonate platforms. Meanwhile in cold areas close to the artic, the 
sedimentation remained clastic mainly shale. The area of the today Mid- 
Norwegian margin continues with the differenced subsidence during Middle to 
Late Jurassic, without any evidence of thermal activity related with volcanism 
(Figure 2-4). 
The intense normal faulting continues until Early Cretaceous, this period is 
characterized by the sedimentation of shales and sandy mudstones, with 
some intercalations of coarse sandstones eroded from proximal areas (Brekke 
and Riis, 1987). 
By the beginning of Middle Cretaceous the normal fault activity slowly ceased 
suggesting a gradual decrease in the rift activity. Then the margin experienced 
a passive margin sedimentation, with pelagic and hemipelagic sedimentation 
in an open marine environment (Bukovics and Ziegler, 1985). 
During Late Cretaceous, the Norwegian margin experienced a new period of 
intense normal faulting, the sea level reached its maximum worldwide and an 
epicontinental sea covered the area (Figure 2-5). However, the basin 
continues its accelerated subsidence becoming even deeper marine 
environments. This extensional period last until Palaeocene, it is evidenced 
mainly in the outer domains, configurating a series of ridges and grabens 
structures (Peron-Pinvidic and Osmundsen, 2018).  
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Figure 2-5 Distribution of structural elements and facies at Late Cretaceous times North Atlantic. 
Modified from The Millennium Atlas (2003). 
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2.3 Tectonic Elements 
 
2.3.1 Trøndelag Platform  
Situated in the eastern part of the Vøring province, the Trøndelag platform is 
the area where the early and intermediate rifting activity was concentrated 
(Figure 2-6). The Trøndelag Platform is a Late Palaeozoic – Middle Triassic 
basin with rhomboid shape. The platform has an extension of 50,000 km2 
approximately and is limited by large faults zones (Brekke et al., 1999). The 
structural configuration is represented first by the Møre-Trøndelag Fault 
Complex located in the southeast. The Revfallet Fault Complex located in 
north-west separates the platform from the Dønna Terrace. The Bremstein 
Fault Complex in the south separates the platform from the Halten Terrace. 
The platform has been tectonically affected since Late Palaeozoic although 
the final configuration  of the platform was reached during Late Jurassic – Early 
Cretaceous (Gómez et al., 2004).  
The sedimentary units in the platform from Palaeozoic to Jurassic shows a 
uniform thickness, getting slightly thinner to the south of the basin. These rocks 
are overlying by thin Cretaceous units in the Inner Platform (Proximal domain), 
getting thicker on the Helgeland basin reaching almost 1km approximately 
(Bukovics and Ziegler, 1985). The Cenozoic package has an average 
thickness of 0.6 km and is overlain by Pliocene and Quaternary deposits 
showing a thick progradation wedge westward (M. Gomez, 2004). 
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Figure 2-6 Different structural elements present in the Vøring Province. The area of the project extends 
from the Trøndelag Platform in blue located in the eastern part of the province. The Halten and Dønna 
terraces represented in dark green and the Vøring basin in light green (Modify from Blystad et al., 1995). 
 
2.3.2 Terraces 
The area of the Dønna and Halten terraces are located in the west of the 
Trøndelag Platform and marks the transition between the platform and the 
Traena and Ras basins (Figure 2-6). The Terrace domain has a ramp-flat 
geometry and is limited on the south by the Bremstein – Vingleia Fault 
Complex and the Klakk Fault Complex (Færseth and Trond, 2002). This area 
was affected by the early rift episode (Rift 1) but more severely by the 
intermediate rift episode (Rift 2) created a series of normal fault systems and 
highly rotated blocks (Osmundsen et al., 2002). 
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The Terrace is compound by thin sequences from Palaeozoic and Early 
Triassic. The sequences from Middle Triassic until Late Jurassic are thick in 
most of the Terrace domain but is absent by erosion on local highs. The 
Jurassic packages are overlying by about 1200 m of Cretaceous rocks and 
2000 m of Cenozoic rocks (Blystad et al., 1995). 
 
2.3.3 Vøring Basin 
The Vøring basin is located in the north of the Møre basin, and in the south of 
the Lofoten – Vesteralen basin. Additionally, it is limited in the east by the 
Trøndelag Platform and in the west by the Vøring Marginal High, which is 
described by Osmundsen et al., (2017) as a thick Early Eocene basalt flows 
mainly produced during the final break-up stage. Tectonically, the area is 
affected by the Fles Fault Complex which is a series of normal faults that go 
through the axis of the Vøring basin with NE-SW strike direction (Brekke, 
1999). Furthermore, the west part of this basin is affected by a system of late 
Cretaceous ridges with listric faults with NE-SW strike direction (Osmundsen 
and Péron-Pinvidic, 2018). The Vøring basin is formed principally during the 
Cretaceous times and its sediments get thicker basinward. The depositional 
environment was dominated by open and deep marine environment with some 
deep-water fan systems in the late Cretaceous (Fjellanger et al., 2005). The 
thickness of the Triassic and Jurassic sequence in the basin has been difficult 
to determine using reflection seismic, however, gravity data suggests that if 
there is space for some sedimentary packages below Cretaceous these must 
be very thin (Bukovics and Ziegler, 1985). Additionally, Osmundsen, et al., 
(2002) suggests that the Vøring and Møre basin could be underlain by a very 
thin continental crust and some parts with oceanic crust. 
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2.4  Stratigraphy 
The wells drilled in the Vøring Province report a sedimentary record starting 
from Paleozoic to Quaternary. The Figure 2-7 shows the general stratigraphy 
in the Mid Norwegian Margin with the corresponding megasequences 
identified in this research. 
The pre-Devonian Basement was reached by the well 6609\7-1 drilled in the 
Nordland Ridge (Figure 2-8). The Basement in the well consist of granitic 
gneiss, although according to Fossen et al., (2017) Basement rocks in the 
Norwegian Sea and northern North Sea can vary from metamorphosed 
igneous rocks to metasedimentary such as schist, quartzite and marble. 
 
Figure 2-7 Stratigraphy in the Mid-Norwegian margin. The seismic line shows the interpretation of the 
main megasequences in the project (Terrace domain). (Modify after Bell et al., 2014). 
The well 6609\7-1 also reported Permian rocks represented by Zechstein 
Formation. The formation is compound by halite layers interbedded with clastic 
rocks deposited in a shallow marine environment, however the well reported 
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mainly shale (Figure 2-8). The Late Paleozoic - Early Triassic packages were 
deposited during Early rift stage; therefore, they are considered the syn-rift 1. 
These megasequence is delimited to the base by the Basement and to the top 
by the unconformity of the base of the Red and Grey Formations. These 
formations are eroded in the well 6609\7-1 but present in the well 6508\5-1 
(Figure 2-8). The Red and Grey Formations mark a transition from arid to 
humid environments during Rhaetian times, which in turn suggest a hiatus 
between Early and Late Triassic (Stoker et al., 2017). 
 
Figure 2-8 Lithology present in the well 6609/7-1 drilled in the Nordland ridge, and the well 6508/5-1 
drilled in the Inner Trøndelag platform (Proximal domain). well information extracted from Norwegian 
Petroleum Directorate (NPD).  
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The well 6508/5-1 drilled in the Inner platform also reported rocks from Bat 
and Fangst Groups deposited in shallow marine environments from Late 
Triassic to Middle Jurassic. These groups are compound by formations that 
show a variation in the lithology from bottom to top from fine grained 
sandstones intercalated with shales to a massive coarse-grained sandstone 
(Norwegian Petroleum Directorate).  
 
Figure 2-9 Lithology in the well 6506/12-1 drilled in the Halten Terrace (Terrace domain), and the well 
6706/12-2 drilled in the Vøring basin (Distal domain). well information extracted from Norwegian 
Petroleum Directorate (NPD).  
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These packages were deposited during the cessation of the early rift activity 
hence they are denominated as the post-rift 1 megasequence. This 
megasequence is delimited to the top by the Middle Jurassic – Late Jurassic 
unconformity that marks the initiation of the intermediate rift stage (Rift 2) 
(Stoker et al., 2017). 
The sedimentary units from late Middle Jurassic to the base Cretaceous 
unconformity correspond to the rocks of the Viking Group. The lithology that 
compounds this group is mainly marine black shales and claystone with some 
minor levels of sandstones and conglomerates (Norwegian Petroleum 
Directorate). The syn-rift 2 sequence was deposited during the reactivation of 
the rifting phase. This new rift stage is denominated in this research as the 
intermediate rift (Rift 2) and mainly goes from the latest Middle Jurassic until 
Early Cretaceous.  
The Early Cretaceous packages were drilled by the wells located in the 
Terrace area. The well 6506/12-1 in the Figure 2-9 shows the Cromer Knoll 
Group, which is a succession of claystone, siltstone interbedded with 
limestones and sandstones deposited in an open marine environment 
(Norwegian Petroleum Directorate). 
The Shetland Group were drilled mainly by the wells located in the terrace and 
in the Vøring basin (Figure 2-9). The lithology in the terrace is mainly claystone 
interbedded with minor levels of sandstones and towards the Vøring basin the 
Late Cretaceous rocks maintain the fine grain conditions sometimes 
intercalated with turbidite sandstones (Norwegian Petroleum Directorate). The 
rocks of the Shetland Group were deposited during a tectonic quiescence 
period (Post-rift 2) followed by another rift phase during Late Cretaceous (Rift 
3). The syn-rift 3 sequence correspond to the rocks deposited during the Late 
rift (Rift 3) in the distal part of the Vøring basin.  
From Early Cenozoic until Quaternary the sequence is mud-prone, however, 
wells drilled in the deep Vøring basin reported levels with turbidite sandstone 
deposits. 
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3 Data and Methods 
3.1 Data 
The data set for this research comprises 3D seismic cubes that were provided 
by Spectrum Seamless and well information available in the Norwegian 
Petroleum Directorate (NPD) (https://factpages.npd.no) 
3.1.1 Seismic 
The 3D seismic data used for this project was chosen focusing on the different 
tectonic domains inside the Vøring Province, so the selected seismic covers 
areas from the Inner Trøndelag Platform until the Gjallar Ridge (Figure 3-1). 
The seismic information provides good quality resolution recording events until 
7 seconds two-way time. The imaging sometimes is diminished with depth in 
the western part because of the action of igneous intrusions especially in the 
Cretaceous and Early Cenozoic sequence.  
 
Figure 3-1 Seamless data set. The pink polygons represent the 3D seismic information available in the 
survey. The area of this project is inside the red square, the dots are the location of the wells, and the 
red lines are the seismic sections interpreted in chapter 4. The dashed polygons are the different 
structural elements (Inner Trøndelag platform, Nordland ridge, Terraces and the Vøring basin). 
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For this data set, the positive polarity is linked to a hard event which indicates 
a zero phase with American polarity. Besides, the dominant frequency 
calculated is around 10 and 25 hertz (Figure 3-2). 
 
 
Figure 3-2 Polarity and Dominant Frequency for the 3D data set. 
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3.1.2 Well data 
 
Figure 3-3 Location of the wells used in this research. The red square shows the limits of the area of this 
research, which is mainly the Vøring province. 
This project used a list of wells located in the different domains in the Vøring 
Province (Figure 3-3, Figure 3-4). The well information is used to understand 
the relationship between the lithology and the depositional environment at 
different times. Furthermore, the wells were calibrated with the seismic lines 
to identify the relationships with the seismic reflections and to define the main 
intervals for seismic attributes extraction. Additionally, the wells give useful 
information to determine hydrocarbon provinces and elements of the 
petroleum system. 
The time/depth tables necessary to display the wells in the seismic were 
calculated using well-pick information extracted from the Norwegian 
Petroleum Directorate (NPD) and tied to the more evident seismic events such 
as seabed, Top and Base of Cretaceous. 
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Figure 3-4 List of wells used in the project. 
 
3.2 Methods 
The methodology designed for this project starts from the regional scale 
interpretation to the basin-scale analysis, hence the project was structured in 
three stages (Figure 3-5). The first stage was the margin scale interpretation, 
this phase was developed by selecting representative seismic sections that 
represent each domain in the complete Vøring Province (Figure 3-1). The 
seismic interpretation started by defining the main unconformities that reflect 
the boundaries for the different tectonic stages from the Proximal, Terrace, 
and Distal domains. Additionally, the structural fault planes on the sections 
were also interpreted on the seismic cubes to obtain the three-dimensional 
geometries of the different structures to reflects the tectonic action of the 
different rift and post-rift stages.  
 
46 
 
 
 
Figure 3-5 Illustration of the different phases of the project. 
Once the main mega-sequences and the tectonic events were identified on 
each domain, we proceed to integrate the results with the well information, to 
understand the relationship between the lithology and the seismic reflections. 
Phase two of the project took the results from stage one to continue with the 
3D interpretation of the main mega-sequences and unconformities from the 
early rift stage until the break-up on each tectonic domain. In this phase of the 
project, a series of structural and thickness maps for the different mega-
sequences were performed to obtain the tectono-stratigraphic evolution of the 
Mid-Norwegian margin. In addition, seismic attributes were calculated to get 
answers about the depositional patterns on each domain during the different 
tectonic stages. 
The final stage of the project is to integrate the results from stage one and two, 
to understand how the tectonic evolution developed the geometries of the 
different basins and how the sedimentation was controlled by the different 
structural stages. 
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3.2.1 Seismic Interpretation  
The different extensional episodes in the Mid-Norwegian Margin are 
evidenced in the Vøring province. This research has a special focus on the 
different rift stages that affected the margin from the Proximal, Terrace and 
Distal domains since the early rift stage during Late Paleozoic until the final 
break-up during Eocene times. These events are registered in the seismic 
sections between 7 and 1 seconds (TWT). 
The first step of the seismic interpretation was to identify the megasequences 
from the Proximal, Terrace and Distal domains (Figure 3-5). The 
unconformities bounding the main megasequences were identified in the 
seismic sections based on strata geometry and structural relationships. 
Additionally, the seismic interpretation was integrated with well information 
extracted from the Norwegian Petroleum Directorate (NPD) to identified 
temporal gaps and relationships between the lithology and the seismic 
reflections. 
In this research 7 horizons were interpreted and mapped. First, the top of the 
Basement represented by the first strong seismic reflection, followed by the 
top of Triassic unconformity. The only well in the project which reached 
Basement rocks was drilled in the Nordland high, so the definition of the 
Basement presents some level of uncertainty. 
The Late Middle Jurassic horizon (Bathonian) represents the initiation of the 
intermediate rift (Rift 2) (Brekke et al., 1999). This horizon is characterized by 
a level with high amplitude reflections, according to the wells drilled in the 
Proximal and Terrace domains correspond to the Top of the Fangst Group 
(Figure 3-6).  
The following horizon is the Base Cretaceous Unconformity. This horizon is 
easy to follow and its complexity is related with the action of the intermediate 
rift phase (Rift 2). This key marker is important in this research because it 
helped to tie the information from the wells to the seismic. 
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The horizon that represents the initiation of the Late rift stage (Rift 3) during 
Late Cretaceous was interpreted mainly in the Distal domain. This 
unconformity coincides with the Top of the Nise Formation and it is extended 
over the whole Distal domain (Fjellanger et al., 2005). 
 
 
Figure 3-6 Seismic line with the horizons interpreted in the project and the corresponding stratigraphy in 
the Vøring Province (Section is located in the Terrace domain). 
The top of the Cretaceous and the Eocene horizons are unconformities that 
are extended over the whole area. Especially in the Distal domain, these two 
unconformities are represented as erosional surfaces that were affected by 
periods of inversion during Eocene times. 
The characterization of the seismic character and distribution of the 
megasequences is in chapter 4. The Figure 3-7 shows the different horizons 
that were interpreted in this study and the relationship with the definition of the 
megasequences over the whole area. 
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Figure 3-7 The list of horizons and megasequences interpreted in this study in the Proximal, Terrace 
and Distal domains. 
 
3.2.2 Seismic Attributes 
The seismic attributes were calculated using the Landmark software 
Geoprobe. The Semblance Cube, useful to delineate faults, sedimentary 
features, and geomorphology. The RMS amplitude which is useful to identify 
depositional characteristics and distribution of sand bodies, the spectral 
decomposition to recognize geological bodies and depositional patterns 
(Hossain, 2020) . 
The discontinuity-based seismic attributes are a great tool to delineate faults 
and fractures. One of the objectives in Chapter 4 was to characterize the faults 
in terms of geometry, age, and lateral extension. To do this, it was necessary 
the calculation of a discontinuity-based attribute. The Semblance attribute is 
calculated on the 3D time cube and it measures the amount of similarity or 
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dissimilarity between seismic traces (Figure 3-8). In the case of any variation 
on structure, stratigraphy, or lithology the attribute applies a semblance or 
coherence coefficient, similar traces are mapped with high semblance 
coefficient and different with low (Asif AA et al., 2015) . Once the coefficient is 
calculated, the best way to display the attribute is in time slice or horizon slice 
view using an appropriate colour bar.  
 
 
Figure 3-8 Concept of the discontinuity-based attributes. Events with dissimilarity result in low coherence 
coefficient, events with similarity result in high coherence coefficient. 
 
The RMS amplitude is one of the post-stack seismic attributes widely used to 
determine the quality and extension of the reservoir and to determine direct 
hydrocarbon indicators. The RMS amplitude attribute measures the reflectivity 
within a time window by applying the square root of the sum of the squared 
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amplitudes divided by the number of live samples. It is widely used to detect 
variations related with lithology, channels, and to the detection of bright spots 
related with hydrocarbon anomalies. For example, RMS amplitude attribute 
calculated in the Maragot field of Pattani basin in the Gulf of Thailand, gave a 
good understanding of the distribution of the sandstone reservoirs. The high 
amplitude anomalies have a close relationship with sands or high-energy 
environments whilst the low amplitude are corresponding to shale or low-
energy environment (Hossain, 2020). 
The spectral decomposition is a powerful technique that helps to resolve 
depositional patterns and sediment distribution. It also gives important 
information about the stratigraphic heterogeneity laterally and vertically 
(Zhang et al., 2009).  For example, in Llanos Foothills in Colombia, this 
attribute was helpful to resolve fluvial sediments distribution (Saeid et al., 
2018). Additionally, in the Gulf of Mexico, the spectral decomposition could 
improve the visualization of thin beds and lateral discontinuities of the 
sedimentary bodies (Yutsis, 2018). The spectral decomposition is the process 
used to transform the data from time domain into the frequency domain via 
mathematic methods such as Discrete Fourier Transform. Prior to the 
calculation, it was required to determine the dominant frequency for the 
seismic cube which in this case is between 10 and 25 Hertz (Figure 3-2). Then 
an operative time window is chosen to perform the calculation. The spectral 
decomposition technique was used in the Chapter 6, it helped to understand 
the depositional patterns on different times. There are several ways to display 
the frequency anomaly, in this case, we moved the frequency range to obtain 
the value that shows better depositional features like channels, lobes and fan 
bodies.  
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4 Regional-scale Chrono-Stratigraphic and Structural 
Analysis  
4.1 Introduction 
The analysis of the spatially and temporarily rift basins of the Mid Norwegian 
Margin requires an understanding of how the process evolves in a specific 
area and what are the major features generated in the different rift phases.  
The elongated fault-bounded basins resulting from the rift stage are the typical 
topographic expressions that set the conditions for the tectono-stratigraphic 
and depositional evolution. From the Proximal,  Terrace and Distal domains, 
the rift and drift stages in the Vøring Province created a structural configuration 
that affected the development of the depressions and therefore the 
sedimentation processes. 
The interpretation presents results from selected regional lines that cover 
areas from the Trøndelag Platform (Proximal domain), the Terrace domain to 
the deep Vøring basin (Distal domain) (Figure 4-1), to initially identify the main 
mega-sequences, and their relationship with the structural styles in each 
domain at different tectonic stages. Additionally, a three-dimensional 
interpretation of the main fault planes in each domain, based on amplitude and 
semblance attribute cubes. The objective was to characterize the orientation 
and timing of the faults and the relationship with the tectonic stage. 
As a result, the seismic interpretation presents a close relationship between 
the seismic-stratigraphic packages and the different tectonic stages in the 
Vøring Province. The structural configuration of the Early-rift stage at Late 
Palaeozoic in the Inner platform, is represented by NNE-SSW normal faults 
with planar characteristics forming symmetrical graben and half-graben. 
Followed by undeformed parallel to subparallel seismic packages deposited 
during Post-rift stages. Furthermore, the Late-Middle Jurassic rift stage, that 
affected the complete platform, especially the Terrace domain, developed a 
series of NNE-SSW normal faults and rotated blocks with parallel to sub-
parallel seismic reflections. Finally, in the Distal domain, the evidence of the 
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Late Cretaceous rift (Late rift), created a series of NE-SW listric faults dipping 
to NW, affecting Cretaceous rocks but showing syn-sedimentary packages 
since Campanian times. Additionally, the structural analysis also 
demonstrates that parameters like strike, dip, and timing of the faults vary 
significantly in the three the different rifting stages. 
 
Figure 4-1 Location of the regional transects and the wells. The Transect 1 covers a portion of the 
Proximal domain (Red), Transect 2 Terrace domain (Yellow), Transect 3 Distal domain (Blue). 
 
4.2 Chrono-Stratigraphic Analysis  
The extensional regime in the Mid-Norwegian Margin started just after the 
collapse of the Caledonian orogeny and continued during Permian and Early 
Triassic times in the area of The Norwegian – Greenland Sea (Doré et al., 
1999). The structural expression involving Devonian Basement is inherited 
from the Caledonian and pre-Caledonian tectonic phases (Fossen et al., 
2017). 
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There is some uncertainty mapping the basement because the only wells 
reporting Devonian basement were drilled in the Nordland Ridge (Figure 4-2).  
 
Figure 4-2 Seismic section in the Nordland Ridge (Trøndelag platform). The well 6609/7-1 reached rocks 
from Zechstein Formation and pre-Devonian metamorphic Basement. The Triassic and Jurassic 
sequences are eroded in the well.  
Accordingly, in this study, the acoustic Basement in the Proximal domain is 
interpreted as the deepest strong seismic reflector. The Basement in the 
Proximal domain is affected by normal faults. These faults seem to be 
generated during the Late Palaeozoic – Early Triassic rift (Early rift) and 
reactivated after Triassic times (Figure 4-4 and Figure 4-5) 
The Late Palaeozoic – Early Triassic (Syn-rift 1) sequence is represented in 
the Proximal domain by a package with wavy reflections at the base, with 
discontinuous layers to the top. The uniform thickness and continue 
sedimentation for the syn-rift 1 sequence seems to start to show growth strata 
at the top with the sedimentation of the Early Triassic packages associated 
with the main faults (Figure 4-4).   
According to Bukovics and Ziegler., (1985), and the information from the well 
6609/7-1, the depositional environment for the sequence is continental to 
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shallow marine represented mainly by clastics and salt layers. The top of the 
syn-rift 1 package is represented by an erosional unconformity that created a 
hiatus from Early to Late Triassic. According to Stoker et al., (2017), the hiatus 
extends towards south until basin-marginal positions of the Møre province.  
The erosional unconformity in the top of the Late Triassic sequence marks the 
beginning of the post-rift 1 sequence. This sequence is seismically well-
imaged and is represented by parallel reflections with some lateral amplitude 
variations. The well 6609/11-1 reported the presence of swamps and coastal 
plain deposits to the base and shallow marine to the top of the post-rift 1 
sequence (Figure 4-3). 
The Inner Trøndelag Platform remained tectonically stable from Late Triassic 
to Middle Jurassic, although some reactivation of the previous faults affected 
the overlying sediments. The evolution of the Trøndelag Platform during the 
post-rift 1 stage is characterized by regional subsidence with high 
sedimentation rates (Brekke et al., 1999). The seismic interpretation shows 
constant thickness of the post-rift 1 sequence in the Proximal and Terrace 
domains (Figure 4-4 and Figure 4-8). This could suggest that by this period 
the two domains remained with the same topographic levels (Bukovics and 
Ziegler, 1985).  
In the Proximal domain the syn-rift 2 sequence is characterized by high 
impedance packages to the base that could indicate presence of sandstones, 
and low impedance to the top that could indicate fine-grain rocks. Furthermore, 
the syn-rift 2 megasequence is characterize by sub-parallel reflections very 
continuous and highly affected by normal faulting with synthetic and antithetic 
polarity.  
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Figure 4-3  Seismic section with the well 6609/11-1 drilled in the western part of the Helgeland basin 
(Proximal domain). The well reached sandstones of the Are Formation (Bat Group) and sandstones 
interbedded with shale, coal and limestone from Fangst Group. The rocks from the Viking Group are 
mainly shale with high content of organic matter. The well found some oil shows however it was 
considered a dry hole. 
The depositional environment, according to the wells 6508/5-1 and 6609/11-1 
drilled in the Inner Platform, corresponds to coastal plain with some restricted 
swamps (Figure 4-3). 
In the Proximal and Terrace domains, the late-Middle Jurassic (Bathonian) 
unconformity is interpreted as a horizon with high seismic amplitude (Figure 
4-4 and Figure 4-8). This unconformity represents the initiation of the 
intermediate rift stage (Rift 2) (Stoker et al., 2017).  
 
 
Figure 4-4 Regional seismic section in the Inner Trøndelag Platform (Proximal Domain). The dip section shows the seismic character of the megasequences. 
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Figure 4-5 Interpreted Dip Seismic Section Inner Trøndelag Platform (Proximal domain).  The section shows the megasequences and the main lithology found in the wells
The post-rift 1 sedimentation in the Terrace domain is characterized by low 
amplitude seismic reflections with lateral variations to high amplitude. The 
levels with high amplitude may represent the sandstones of the Garn and Tilje 
formations from the Fangst Group. These formations were drilled by the wells 
6507/5-2 and 6507/2-1 in the Dønna Terrace (Terrace domain) (Figure 4-6).  
 
 
Figure 4-6 Seismic section with the well 6507/5-2 and 6507/2-1 drilled in the Dønna terrace (Terrace 
domain). The wells reached sandstones of the Are Formation (Bat Group.) and sandstones interbedded 
with shale from Fangst Group. The rocks from the Viking Group are mainly shale with high content of 
organic matter. The Cretaceous section is mainly shale with some sandstone levels to the base in the 
well 6507/5-2. The presence of sandstones levels in Cretaceous increase in the well 6607/2-1. The high 
amplitude anomaly corresponds to sandstones with gas content in the Lysing Formation. 
 
The post-rift 1 megasequence has highly continuous plane-parallel reflections. 
These packages don’t present evident growth strata which indicates 
sedimentation during a period tectonically stable (Figure 4-8). 
After Middle Jurassic, the Terrace domain subsided more than the Proximal 
domain, and the Nordland Ridge started to divide this two domains. By late- 
Middle Jurassic, the second rifting stage was onset in the area of the 
Trøndelag Platform. The normal faulting affected more drastically the Terrace 
domain than the Inner Platform (Proximal domain) as the extensional activity 
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migrated to the axial parts of East Greenland – Mid Norway (Bukovics and 
Ziegler, 1985).  
The Figure 4-8 present the seismic line located in the Terrace domain. The 
syn-rift 2 package presents a low seismic amplitude, with lateral variations to 
high amplitude. The high amplitude reflections could represent some 
sandstone levels of the Melke Formation, although the majority of the wells 
drilled in the Terrace area, reports claystone and mudstones with high content 
of organic matter deposited in an open marine environment (Figure 4-7). 
The constant movement of the faults in the platform during the intermediate 
rift stage (Rift 2) from late-Middle Jurassic, generated strong rotation of the 
blocks and therefore the creation of small sub-basins in the Terrace domain at 
the end of the Late Jurassic (Figure 4-8 and Figure 4-9). These local basins 
were filled with Early Cretaceous sediments and in some parts of the Halten 
Terrace, the syn-sedimentation is evidenced maybe until Hauterivian (Doré et 
al., 1999). The wells drilled in the Halten Terrace reports sand-rich sediments 
from the basal levels of the Cromer Knoll Group in these local basins. 
According to Lien, (2005), in East Greenland thicker sandstones are reported 
also at Early Cretaceous. 
The faults generated during the late-Middle Jurassic rift continue acting until 
Early Cretaceous specially in the Terrace domain. The seismic interpretation 
shows a big unconformity easily mappable in the platform that represents a 
high erosional surface at the base of the Cretaceous (Figure 4-8).  
The seismic reflections for the Early Cretaceous syn-rift 2 sequence display 
evident growth strata associated with the normal faulting (Figure 4-8).  This 
sequence is deposited as a wedge-like package with a low seismic 
impedance, with sub-parallel reflections. The wells drilled in the Terrace 
reported sandy sediments to the base overlie by mudstones and carbonate 
beds.  
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Figure 4-7 Seismic section with the well 6507/11-3 and 6506/12-1 drilled in the Halten Terrace (Terrace 
domain). The well 6506/12-1 reached sandstones of the Are Formation (Bat Group.) and sandstones 
interbedded with shale from Fangst Group. The well 6507/11-3 reached rocks from Red Beds Formation 
from Late Triassic. Both wells found rocks from the Viking Group mainly with shales with high content of 
organic matter. The presence of Cretaceous sandstones increases in the well 6506/12-1. 
 
The seismic shows how the sedimentation for Cretaceous is truncated at East 
against the Nordland Ridge, which at this time plays an important role as a 
main source of sediment into the Terrace and the new Vøring basin (Figure 
4-6). The Cretaceous post-rift 2 sequence presents a semi-continuous seismic 
reflection, with low amplitude packages and some levels with lateral changes 
to high reflectivity. The high amplitude levels could be generated by the 
sandstones of the Lange and Lysing Formations.
 
Figure 4-8 Regional seismic section in the Halten terrace (Terrace domain). The dip section shows the seismic character of the megasequences. 
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Figure 4-9 Interpreted Dip Seismic section Halten Terrace (Terrace domain).  The section shows the megasequences and the main lithology found in the wells.
The terrace configuration in the west of the platform was developed during the 
intermediate rift stage from the latest Middle Jurassic to Early Cretaceous. So, 
after this event, the elevated position of the Inner Platform at east defines the 
shelf and the Terrace domain defines the slope. Hence, the depositional 
environment of the Cretaceous post-rift 2 sequence is open marine in the slope 
with a transition to deep marine towards the Vøring basin. This observation is 
supported with the fine-grain sedimentation with fewer levels of sandstone 
reported by the wells drilled in the Vøring basin (Distal domain) (Figure 4-10). 
 
Figure 4-10 Seismic section with the well 6605/8-1 drilled in the Vøring basin (Distal domain). The well 
reported mainly shales interbedded with turbidite sandstones. The well reported gas in sandstones levels 
of the Nise and Lysing formations (Shetland Group).  
 
The seismic line in Figure 4-9 shows how the Cretaceous packages thicken 
basinward, this suggest that the evolution of the Vøring basin was initially 
formed because of the action of the intermediate rift (Rift 2) from late-Middle 
Jurassic to Early Cretaceous. During the Cenomanian the Ras basin subsided 
and was filled with thick Cretaceous sediments. Additionally, during 
Cenomanian-Turonian, the different depocenters localized at the west of the 
65 
 
 
platform merged into one basin and initiated the Distal domain (Blystad et al., 
1995).  
The seismic section in the Figure 4-12 and Figure 4-13 shows the Distal 
domain. The western part of the Vøring basin is where the action of the Late 
rift (Rift 3) at Late Cretaceous is easily identified. The wide thickness of the 
Cretaceous records the post-rift 2 and syn-rift 3 sedimentation. The lowest part 
of the seismic section, approximately below 5 seconds is difficult to 
characterized, the seismic reflections are chaotic maybe because of the action 
of the intrusive bodies.  
The post-rift 2 section in the Nyk High shows parallel to wavy reflections, some 
levels with high amplitude can indicate the presence of sandstones. The 
packages are easy to identify but get difficult under the Vema Dome and some 
parts of the Gjallar Ridge where is highly affected by igneous bodies (Figure 
4-12Figure 4-12). The post-rift 2 package is represented by the Nise 
Formation, which consists of hemipelagic mudstone deposits with some levels 
of turbidites (Fjellanger et al., 2005).  
The syn-rift 3 section is represented by sub-parallel but very continuous 
seismic reflections, generally with low amplitudes (Figure 4-12 and Figure 
4-13). The levels with high amplitude have lateral variations and could 
represent sporadic turbidite deposits during Late Campanian until the 
Paleogene. The growth strata exist on the hanging walls of the normal faults 
especially on the Nyk High and the Gjallar Ridge (Figure 4-12). 
The Nyk High is presented as an elevated structure affected by normal faults 
with high displacement. The faults seem to present listric behaviour to the base 
becoming vertical to the top. The faults in the Nyk High are mainly dipping to 
the NW and according to the growth strata they were acting intensively during 
the late rift stage (Rift 3) at Late Cretaceous (Bjørnseth et al., 1997). The wells 
drilled in the Nyk High reported shales and some turbidite sandstones from 
The Nise Formation (Figure 4-11). 
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Figure 4-11 Seismic section with the well 6706/12-2 drilled in the Nyk High (Distal domain). The well 
reach turbidite sandstones of the Nise Formation (Shetland Group).  
 
The Gjallar Ridge consists of a series of listric normal faulting with NE-SW 
direction dipping to the NW as a result of the late rift  stage at Campanian 
(Færseth and Trond, 2002).  
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The sedimentation for the local depocenters were conditioned by the overall 
trend of the faults. The extensional faults gradually open accommodation 
towards the west for the Late Cretaceous sediments, showing syn-
sedimentation sometimes masked by igneous activity (Figure 4-12). 
The base of the Paleogene is represented as an erosional unconformity, 
sometimes more aggressive on the top of the inverted structures for example 
in the Gjallar Ridge and the Vema Dome. Fjellanger at al., (2005), reports that 
in some parts of the Nyk High, the last sections for the Maastrichtian seem to 
be eroded.  
The western side of the Vøring basin experienced two periods of inversion 
during Maastrichtian and another during Early Paleogene (Bjørnseth et al., 
1997). As a result, the seismic section shows an anticline structure over the 
Gjallar Ridge and Vema Dome respectively (Figure 4-12 and Figure 4-13). 
 
 
 
 
 
 
 
Figure 4-12 Regional seismic section in the Distal domain. The section shows the seismic character of the megasequences. 
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Figure 4-13 Interpreted Seismic section showing important structural elements Nyk High, Vema Dome and Gjallar Ridge (Distal domain).  The section shows the megasequences 
and the main lithology found in the wells.
 
4.3 Structural Analysis 
The structural analysis was carried out on the 3D seismic cubes. The main 
objective was to identify the fault geometries and the structural styles in each 
domain on each tectonic stage.  
 
Figure 4-14 The Red squares show the different tectonic domains and the red circles show the location 
of the wells used in this research. The yellow lines are the location of the seismic sections discussed in 
the structural analysis. 
 
4.3.1 Structural styles in the Inner Trøndelag Platform (Proximal 
domain) 
The platform is the area of the margin that was affected by the early and 
intermediate extensional episodes. The seamless 3D seismic data covers the 
west part of the Inner Platform which is classified in this research as the 
Proximal domain (Figure 4-14). 
The seismic shows that during the Late Palaeozoic the Inner Platform was 
dominated by a regional crustal extension. The early rift stage generated a 
series of normal faults rooted in the basement, the strike of the faults is mainly 
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NE-SW (Figure 4-15). According to Bukovics and Ziegler, (1985), these faults 
affecting the basement have a planar and listric behaviour, with synthetic and 
antithetic polarity (Figure 4-16). 
 
Figure 4-15 Map of the top of the pre-Devonian Basement in two-way time in the Inner Platform (Proximal 
domain). 
 
The map of the top of the Basement in the Proximal domain shows an elevated 
structure in the north close to the Nordland Ridge. The structure elevates until 
2 seconds TWT, and it is aligned with the main fault at west. The trend of the 
faults affecting the pre-Devonian Basement present mainly NE-SW trend 
(Figure 4-15). 
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The seismic interpretation shows growth strata during the Early Triassic, 
suggesting that major NE-SW faults were active during this time (Figure 4-16).  
The syn-rift 1 sequence of the Late Palaeozoic – Early Triassic is thicker in the 
Inner Platform (Proximal domain) than in the Terrace domain. This could 
suggest that the main action of the Late Palaeozoic rift was more focused in 
the Proximal domain (Doré et al., 1999). 
The seismic section in Figure 4-16 located in the Inner Platform, shows an 
anticline structure in the hanging wall associated with the main fault next to 
the Nordland Ridge. This structure could indicate the initiation of the uplift of 
the ridge during the Jurassic times. According to Ziegler (1985), the elevation 
of the Nordland Ridge also generated rapid subsidence in surrounded areas 
of the platform. 
 
Figure 4-16 Seismic Section Inner Trøndelag Platform (Proximal domain). The faults involving pre-
Devonian Basement were generated during the Early-rift stage (Rift 1). Some of the faults were 
reactivated during the intermediate rift stage (Rift 2). For location of the section see Figure 4-14 
The Semblance cube in Figure 4-17, indicates that by Early to Middle Jurassic 
times the Inner Platform is highly affected by normal faulting. The main strike 
of the faults is NE-SW, but newer Jurassic age faults trend NNE-SSW. The 
seismic section indicates that some faults from the Early rift (Rift 1) were 
reactivated during the late Middle Jurassic rift (Rift 2). The main NE-SW trend 
could suggest that the direction of extension for the early and intermediate rift 
was mainly SE-NW. 
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Figure 4-17 Plain view of the Semblance cube attribute at 2500 milliseconds in the Proximal domain. 
Red lines are the interpretation of principal lineaments. The preferred NE-SW strike direction suggest a 
SE-NW direction of extension at this moment (white arrows). 
 
The structural map of the top of Triassic (Top of syn-rift 1) sequence, shows 
an elevated structure close to the main fault at west. This wide anticline has 
an NE-SW trend, and elevates until 2.3 seconds (Figure 4-18Figure 4-18). The 
deepest portion of the area is located at south of the cube, the depression 
marks the western boundary of the Helgeland basin. 
Top of the late Middle Jurassic (Bathonian) structural shows a similar 
behaviour as the previous levels. The anticline in the hanging wall is related to 
the fault and the top of the structure reaches 1.7 seconds. The axis of the 
anticline structure has the same NE-SW trend as the main fault (Figure 4-19). 
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Figure 4-18 Map of Top of Triassic in the Inner Trøndelag Platform in two-way time (Proximal domain) 
 
Figure 4-19 Map of Top of late Middle Jurassic (Bathonian) in the Inner Trøndelag Platform in two-way time (Proximal 
domain). 
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Maps shown in Figure 4-18 and Figure 4-19, present similar structural 
characteristics for all the Mesozoic rocks. Characteristically these are wide 
anticline with axes aligned with the main fault to the west. This association 
indicates that the uplift of the Nordland Ridge tilted the Inner Platform towards 
East during the latest Mesozoic. 
 
4.3.2 Structural Styles in the Terrace Domain  
The Terrace area is located in the west of the Trøndelag platform, this domain 
comprises the Dønna Terrace at North and the Halten Terrace to the South 
(Figure 4-14). 
The Dønna Terrace is bounded in the west by the Revfallet Fault Complex, 
comprising NE-SW striking faults with synthetic and antithetic polarity. In the 
Revfallet Fault Complex, larger amounts of displacement of the hanging walls 
closer to the Nordland Ridge is evident, in turn suggesting that fault movement 
played an important role with the elevation of the ridge (Figure 4-20). 
The Halten Terrace is located in the southern part of the Terrace domain 
(Figure 4-21). According to Osmundsen et al., (2017), the area was affected 
by the Bremstein – Vingleia Fault Complex in the East. Faults in this region 
which are a result of Late Paleozoic – Early Triassic rifting (Rift 1) are seen to 
affect the basement. These faults have a listric and planar characteristics, and 
are thought to have been reactivated during Jurassic times (Figure 4-20). 
The strike of the fault complex is mainly with NE-SW oriented, although some 
faults that affect only Triassic – Jurassic rocks present NNE-SSW strike 
orientation (Figure 4-21). Both fault complex, the Revfallet and the Bremstein 
– Vingleia, presents growth strata in the Late Jurassic sequences, this 
suggests that they were acting during the intermediate rift stage in Late 
Jurassic. Additionally, the intermediate rift stage generated highly rotated 
blocks affecting pre-Cretaceous rocks; this rotation created a series of minor 
basins that posteriorly were filled with Early Cretaceous sediments (Figure 
4-20). Brekke, et al., (1999) mentioned that the intermediate Late Jurassic rift 
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(Rift 2) led to the configuration of the stepped terrace feature, which is highly 
controlled by the Bremstein – Vingleia Fault Complex. 
The western boundary of the Halten Terrace is affected by the Klakk Fault 
Complex. These faults mark the change of the Terrace Domain to the Ras 
Basin to the west. 
 
Figure 4-20 Dip Seismic section of the Terrace domain. The Terrace experienced the action of the Early 
and intermediate rift. For location of the line see Figure 4-14.  
The Klakk Fault Complex have a strike of NE-SW, although in the south the 
fault complex changes its orientation to N-S and some segments to NW-SE. 
The presence of growth strata in Triassic and Jurassic rocks, indicates that 
the Klakk Fault Complex has been active since Triassic times. Implying the 
Sklinna Ridge has been experiencing uplifting even before the intermediate 
rift stage (Rift 2) (Figure 4-20). 
According to Osmundsen and Péron-Pinvidic, (2018), the character of the 
Klakk and Bremstein – Vingleia Fault Complex, is a basinward-dipping fault. 
Both fault complexes are showing deep listric detachment below 8 seconds 
involving continental crystalline crust. Determining the exact detachment of 
the faults is not possible with this data set as the seismic survey only record 
until 7 seconds.  
The structural map for the late Middle Jurassic (Bathonian), presents two 
segments (Figure 4-21). The first segment to the east, presents a series of 
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NE-SW structural highs, the highest part reaches 1.0 seconds, and it is related 
with the uplift of the Nordland Ridge. The second segment to the west is 
characterized by a depression with relatively flat topography. The action of the 
master faults during the intermediate rift (Rift 2) at Late Jurassic generated the 
separation of the Terrace from the Inner Platform and therefore the 
configuration of the Terrace topography. 
 
 
Figure 4-21 Map of the Top of late Middle Jurassic (Bathonian) in two-way time in the Terrace domain. 
The preferred NE-SW strike direction suggest a SE-NW direction of extension at this moment (white 
arrows). 
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4.3.3 Structural styles in the Vøring Basin  
The Vøring basin is part of the Distal domain, starting in the east with the Ras 
Basin to the west with the Vøring Marginal High. The Vøring Basin 
experienced the action of the Late Jurassic – Early Cretaceous rifting (Rift 2) 
and the Late Cretaceous rifting (Rift 3) (Doré et al., 1999).  
The map in Figure 4-22 shows three important structures in the western part 
of the Vøring basin. The first is the Late Cretaceous NE-SW oriented Gjallar 
Ridge, and the second is the Nyk High which is a structure also affected by 
the NE-SW normal faults from the late rift stage. Additionally, the Vema Dome 
which is a rounded structure elevated during Paleogene time.   
The map in the Figure 4-22 shows the Fles Fault Complex affecting the axis 
of the Vøring basin, these faults have NE-SW orientation dipping mainly to the 
SE. Some major faults from the complex seem to be affecting pre-Cretaceous 
rocks which suggest that could be originated at Late Jurassic during the 
intermediate rift stage (Rift 2) (Blystad et al., 1995). Additionally, the Fles Fault 
Complex has the Helland Hansen arc which is compound by a series of 
Paleogene domes aligned with NE-SW direction, according to Brekke et al., 
(1999), the elevated structures can indicate periods of mild inversion during 
Maastrichtian and Paleogene. 
The seismic sections in the Figure 4-24 and Figure 4-26 located in the north-
west of the Vøring Basin, shows that the evidence of the Late Cretaceous rift 
stage is mainly concentrated at the west of the Fles Fault Complex. According 
to Osmundsen and Péron-Pinvidic, (2018), this indicate that the axis of the 
interaction between Greenland and Norway during the late rift stage (Rift 3), 
was in the west part of the Vøring basin.  
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Figure 4-22. Map of the Top of Cretaceous in the Vøring basin (Distal domain). The Gjallar Ridge and 
Nyk High were formed during the late-rift stage (Rift 3). The Vema Dome was uplifted during Eocene 
times. 
The interpretation identified important elements that resulted from the action 
of the late rift stage during Late Cretaceous. The Nyk High is a significant 
uplifted area affected by NE-SW normal faults and dipping to the north-west. 
These faults were generated during the Late Cretaceous rifting stage (Rift 3). 
The normal faults affecting the Nyk High present a significant throw between 
500 – 1000 milliseconds, however, to the west displacement of the hanging 
wall decreases significantly. Here the faults are affecting the whole 
Cretaceous sequence, However, the syn-sedimentary packages appear after 
Campanian times (Fjellanger et al., 2005). Additionally, the interpretation 
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shows that some faults experienced reactivation during Paleogene times 
(Figure 4-23). 
 
 
Figure 4-23 Seismic section in the Nyk High (Distal domain). The packages with growth strata are 
identified after Campanian times. The normal faults generated during Late Cretaceous experienced 
reactivation during Paleogene. 
The Vema Dome is located to the South-West end of the Nyk High. The dome 
has a rounded geometry, and it is affected by a set of normal faults with W-E 
strike direction dipping to the N and NW (Figure 4-25). These faults present a 
notable change in strike direction. This change could be related with the 
lineament of the Rym Fault Zone. The Vema Dome has variable thickness of 
Eocene sediments caused by erosion during Eocene. Moreover, the 
Oligocene rocks onlapping against the dome indicate that the structure was 
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uplifted as a result of compressive events at Paleogene age (Doré et al., 
1999). 
 
 
Figure 4-24 Cross section of the Vøring basin (Distal domain). The section shows two important 
structural elements the Nyk High formed during Late Cretaceous and Vema Dome during Eocene times. 
For location of the section see Figure 4-14. 
 
One of the most important features of the Vøring Province is the Gjallar Ridge 
located in the west of the Vøring basin (Figure 4-26). This structural element 
is a basin – parallel complex of rotated blocks affected by high angle listric 
faults that formed by the action of the late rift stage during Late Cretaceous 
(Brekke et al., 1999). The ridge presents a North-East trend with the faults 
dipping to the North-West. The interpretation shows low-angle faults with 
major displacement involving rocks since the earliest Cretaceous times. 
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Figure 4-25 Semblance attribute at 3500 milliseconds, west part of the Vøring Province (Distal domain). 
The main lineaments present NE-SW strike direction in the Nyk High and E-W in the Vema Dome. The 
attribute shows the rounded geometry of the Vema Dome. The dome was uplifted during Eocene. 
Determining the detachment for the listric faults is difficult because imaging of 
the Cretaceous strata is disrupted by igneous intrusions. However, 
considering that wells in exploratory campaigns never reached Jurassic rocks 
and that the base of the Cretaceous is a clear regional unconformity across 
the margin, this interpretation considers that the Cretaceous packages are still 
present at 7 seconds, and therefore the detachment of the faults is difficult to 
be defined. 
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Figure 4-26 Cross section of the Gjallar Ridge, Vøring basin (Distal domain). The growth strata are 
identified after Campanian times. Some faults experienced reactivation during Paleogene. For location 
of the section see Figure 4-14. 
 
The erosional unconformity at the top of the Cretaceous and top of Eocene is 
clear in the Gjallar Ridge and the Nyk High. The erosion is related with periods 
of inversion that have caused uplift, tilt and reactivation of faults at the end of 
Maastrichtian and Eocene (Bjørnseth et al., 1997). The tectonic events during 
Paleogene that cause the uplift of the structures  could be as consequence of 
the generation of the Iceland Mantle Plume (Skogseid et al., 2000). 
 
4.4 Summary 
The evolution of the Mid-Norwegian margin started with the deposition of syn-
sedimentary packages Late Paleozoic – Early Triassic, this syn-rift sequence 
is affected by normal faulting with NE-SW strike direction. The syn-rift 1 
sequence is thicker in the Proximal domain which indicates that the action of 
the early rift was concentrated in this domain. The wells in the Inner platform 
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(Proximal domain) indicate continental to transitional environments with some 
restricted periods evidenced with the presence of evaporite levels.  
The post-rift 1 sedimentation is characterized by parallel seismic reflections 
with low tectonic activity. Additionally, the lithology from the wells indicate 
sedimentation of coarse sandstones in the Proximal and Terrace domains.  
The intermediate rift stage is evident in the Terrace domain, the area is 
affected by intense normal faulting with NE-SW and NNE-SSW direction. The 
Late Jurassic – Early Cretaceous syn-rift 2 sequence present sub-parallel 
reflections and the wells reported mud-prone sedimentation with a high 
content of organic matter interbedded with some levels of sandstones. 
The post-rift 2 period during Middle Cretaceous experienced sedimentation in 
a period with low tectonic activity. The wells reported mud-prone 
sedimentation with some levels of good quality sandstones. The Cretaceous 
packages thickens westwards in the Vøring basin (Distal domain). 
The action of the late rift stage during Late Cretaceous is evident in the 
western part of the Vøring basin, the syn-sedimentary packages associated 
with the normal faults started approximately since Campanian. The late rift 
stage generated a series of listric faults with NE-SW direction. The syn-rift 
sequence is evident since Campanian times. The well drilled in the Nyk High 
reported shales and claystones interbedded with some levels of turbiditic 
sandstones. 
All the observations of this chapter are summarized in the Chronostratigraphic 
chart in the Figure 4-27. 
 
 
 
 
 
 
 
 Figure 4-27 Chrono-stratigraphic diagram of the Vøring Province Mid-Norwegian Margin.
 
5 Tectono-Stratigraphic Evolution 
5.1 Introduction 
The Mid-Norwegian margin has been subject to a long and complex tectonic 
evolution. As a result, the Mid-Norwegian margin has a complex structural 
configuration (Brekke et al., 1999). Since the end of the Caledonian orogeny 
from Ordovician and Early Devonian times to the present day, the area of the 
current Norwegian Sea has been subjected to a series of different rifts and 
post-rift settings.  
This chapter shows in detail the Tectono-stratigraphic evolution of the Mid-
Norwegian Margin, focusing in the Vøring Province (Figure 4-14). The 
Analysis is carried out by interpreting in detail the different mega-sequences 
from the seamless 3D seismic cubes and well data extracted from the 
Norwegian Petroleum Directorate. The analysis starts from the Early-rift stage 
at Late Paleozoic to the final break-up during Eocene times. 
By Permian times, the Early-rift stage (Rift 1) developed a series of graben 
and half-graben basins with NE-SW trend that were filled with thick clastic 
sediments and evaporite deposits (Bukovics and Ziegler, 1985). The well 
information show that the syn-rift 1 sequence was deposited in shallow 
environments such as lakes and coastal plains. 
During Late Triassic to Middle Jurassic the post-rift 1 sequence was deposited. 
The constant thickness of the post-rift 1 extends along the Trøndelag Platform. 
The wells reported mainly sandstones deposited in shallow marine 
environments. 
The intermediate rift stage (Rift 2) affected the Proximal and Terrace domains 
during late Middle Jurassic – Early Cretaceous. The renewal rifting created a 
series of NE-SW basins with elongated geometries controlled by the strike of 
the faults. During this time the uplift of the hinterlands resulted in high rate 
sedimentation in the Helgeland and the Norwegian shelf (Doré et al., 1999). 
The Rift 2 influenced the configuration of terraces and local sub-basins that 
were filled by sediments sourced mainly from the Nordland Ridge. 
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The Late-rift stage (Rift 3) occurred during Late Cretaceous. The evident of 
the syn-sedimentary packages is identifiable in parts of the Gjallar Ridge, west 
of the Vøring basin. At this time the sedimentation was mainly deep marine 
shales with some influx of turbiditic sandstones (Fjellanger et al., 2005). The 
depocenter geometries present NE-SW trend controlled by the normal faults. 
The final Break-up stage took place in the Eocene, and involved a large 
igneous activity that intruded mainly Cretaceous rocks. The Paleogene 
inversion is identifiable in the seismic data and caused the generation of 
domes and local highs. 
 
5.2 Rift 1 Permian – Early Triassic 
From Middle Devonian to Late Carboniferous times the area of the future 
Norwegian margin was affected by transpressional deformation that 
developed major sinistral movements. Transpressional also caused rapid 
subsidence and sedimentation of intramontane red sandstones (Ziegler, 
1985). Consequently, the Tethys ocean started to close, Gondwana and 
Laurasia collision developed the Variscan orogeny; this tectonic activity let to 
the configuration of the supercontinent of Pangea (Muttoni et al., 2009). 
Along the Norwegian margin crustal extension initiated during the Late 
Permian. At the same time, major regional transgression flooded the area from 
Artic to Northwest Europe (Brekke and Riis, 1987). In the Trøndelag Platform 
wells do not reach Permian rocks, however along the Nordland Ridge the well 
6609/7-1 reveal Late Paleozoic age rocks from the Zechstein Formation and 
pre-Devonian basement (Figure 4-2). The Zechstein Formation is compound 
by evaporites with siliciclastic and some levels with limestones and 
anhydrates. The lithology indicates that the depositional environment for the 
syn-rift 1 sequence in the Proximal domain was shallow marine.  
Furthermore, the well 6508/5-1 reached some rocks from the Red Bed 
Formation that were deposited during Middle to Late Triassic (Figure 2-8). The 
formation is compound by continental clastics (Norwegian Petroleum 
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Directorate). This change from shallow marine to continental rocks evidences 
the sea level fluctuations that were acting during the transition from the Rift 1 
stage at Early Triassic to the post-rift 1 stage. The sedimentation of continental 
clastics during Triassic is also found in East Greenland (Bukovics and Ziegler, 
1985). 
The Figure 5-1 shows the thickness map of the Late Paleozoic - Early Triassic 
sequence (Syn-rift 1). The map shows mainly NE-SW trending fault in the 
Inner Trøndelag Platform. The grabens and half-grabens subsided, 
developing uneven subsidence and the main depocenters were concentrated 
in the centre and the east of the area. The syn-rift 1 sequences present a 
uniform thickness in the Proximal domain, with some exceptions in the horst 
structures. Additionally, the map shows how the NE-SW faults were controlling 
the geometry of the depocenters. 
 
 
 
Figure 5-1 Thickness map of the syn-rift 1 sequence in the Inner Platform (Proximal domain). The main 
depocenters are in the center and east part of the area. The synthesis map in the right shows how the 
faults in red are controlling the geometry of the depocenters during the Early rift (Rift 1). 
 
89 
 
 
5.3 Post-rift 1 Middle Triassic to Middle Jurassic 
By Middle Triassic the basin margin has been affected by sea-level 
fluctuations, which primarily controlled the clastic influx. This produced 
interchanging environments, dominantly continental in the east and deltaic to 
shallow marine in the west. The seismic interpretation for this sequence in the 
Inner Platform shows parallel to sub-parallel reflections of a very uniform 
thickness in the west close to the Nordland Ridge area, and thicker sequences 
in the east towards the Helgeland basin (Figure 5-2). 
Some of the major faults in the Inner Platform continue affecting sediments 
during the post-rift 1 phase, whilst maintaining the same trend as in the 
previous rift stage. The thickness and synthesis maps from Figure 5-2 show 
the location of the main depocenters in the Inner Platform (Proximal domain) 
during post-rift 1 times. The map also shows how the geometries of the 
depocenters from Triassic to Middle Jurassic were controlled by faults with 
NE-SW strike direction. The arrangement of graben and horst seems to be 
distributed in the whole area, some local depocenters seems to be connected 
and some others isolated. The map also shows that during post-rift times the 
Helgeland Basin in the east of the area had not yet formed, hence the tilting 
of the Inner Platform that created this basin started after Middle Jurassic. 
Whilst in the Proximal domain the environments were predominantly shallow 
to deltaic, in area of the Halten Terrace to the west, deeper environments 
prevailed. This can be corroborated by the characteristics of the Are formation 
found in some wells in the area. The well 6609\11-1 drilled in the Helgeland 
Basin in the Inner Platform, shows good quality sandstone with some stringers 
of shale and siltstone of Late Triassic – Middle Jurassic age (Figure 4-3). The 
same well also reported some levels of Coal on top for Early Jurassic. Besides, 
the well 6508\5-1 drilled at the western part of the Helgeland basin still in the 
Inner Platform, shows in the last section of the Are Formation, presence of 
Coal levels with some potential gas. These two wells show coastal plain to 
delta environments with swamps in some localised areas. However, the well 
6507\5-2 drilled in the Dønna Terrace, at west of the Nordland Ridge, reported 
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very fine sand levels with some intercalations of grey shales, but no presence 
of Coal at this level; this result indicates a more marine depositional 
environment (Figure 4-6). 
 
Figure 5-2 Thickness map in time of the post-rift 1 sequence (Late Triassic – late Middle Jurassic) in the 
Inner Platform (Proximal domain). The faults generated during the early rift stage controlled the 
geometries of the local basins even during the post-rift 1 stage. 
 
Some wells drilled in the Helgeland basin show units from Sinemurian to 
Pliensbachian that consist of a massive to thinly bedded sandstones, with 
coarse grains at the bottom and fine to very fine at the top; these sandstones 
present good porosities and good reservoir characteristics. The grains are 
poorly sorted and the rocks present high content of bioturbations. The seismic 
interpretation of the Inner Platform, shows these packages of good 
sandstones as a high impedance package, with some amplitude changes 
laterally, with uniform thickness and highly affected by normal faulting with NE-
SW strike direction. The area surrounded the Nordland Ridge underwent high 
subsidence rates, and the environment became nearshore marine to intertidal 
in the Inner part to a more continental environment eastwards near to the 
current Norwegian shore. 
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Figure 5-3 Synthesis maps showing the migration of the depocenters from the syn-rift 1 (left) to the post-
rift 1 (right). The red faults show the faults that were controlling the geometry of the depocenters during 
each stage. 
The distribution of the depocenters in the Inner platform (Proximal domain) 
during the post-rift 1 changed compared to the previous rift 1 stage. During 
Late Paleozoic – Early Triassic (Rift 1 stage) the depocenters were 
concentrated in the center and east of the area. However, the main 
depocenters during the sedimentation of the post-rift 1 sequence migrated to 
the north-east in the Proximal domain (Figure 5-3). Furthermore, the action of 
the main fault at west started to control the geometry of the new depocenter. 
The new distribution of the depocenters indicate that some of the major faults 
that were generated during the early rift stage continue acting and controlling 
the sedimentation during Triassic and Early Jurassic times. Additionally, the 
new basin formed close to the main fault in the west indicate that the Nordland 
Ridge started to elevate during Early Jurassic times (Figure 5-3). 
 
 
 
92 
 
 
 
The behaviour in the west of the platform in the Terrace domain, suggest some 
variations in the depositional environment. The well 6507\5-2 showed a higher 
content in the mudstone packages intercalated with sandstones and lower 
amount of coal beds, this suggests that the basin was becoming less 
constrained and more open marine in this area (Figure 4-6). The faunas 
coming from the Artic found a connection southward (Brekke and Riis, 1987). 
The depositional environment in the Terrace domain changed to a more open 
marine and gave the chance for the deposition of full kerogen source rocks. 
The wells 6507/2-1, 6506/12-1 and 6507/11-3 report the presence of rocks 
with some content of organic matter intercalated with good quality sandstones 
of the Fangst Group around the Halten and Dønna Terrace (Figure 4-6 and 
Figure 4-7). By the Middle Jurassic, from Aalenian to Bajocian, the presence 
of sandstones in the Terrace domain decreases and the mudstones, siltstones 
with some carbonate beds become more common. In contrast to the Inner 
Platform where the sandstones are still present and intercalated with 
claystones and mudstones with high content of mica and carbonates.  
The thickness map for the post-rift 1 sequence in Figure 5-4, shows a uniform 
configuration of the basin. The map shows how the area since the Late 
Triassic until Middle Jurassic remains relatively stable. The predominantly blue 
colours in a big part of the basin indicate thickness around 200 and 400 
milliseconds.  
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Figure 5-4 Thickness map in Time of the Late Triassic - Middle Jurassic (Post-rift 1) sequence in the 
Terrace domain. The map shows uniform thickness in a relatively flat basin and sedimentation in a period 
tectonically stable. 
This supports the concept of sedimentation in a tectonic quiescence setting. 
To the east some major faults from the Bremstein Fault Complex were 
controlling the sedimentation, but the rest of the terrace remained tectonically 
stable only influenced by subsidence and sedimentation. Here, the constant 
thickness could indicate a relatively flat basin. The intense normal faulting 
observed in the map (black faults) were not controlling the sedimentation, 
which means that could be generated later during the intermediate rift stage 
(Rift 2). 
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5.4 Rift 2 Late Jurassic – Early Cretaceous  
The new rifting phase is documented by the extensional faulting in the west of 
the TrØndelag Platform with a preferred NNE-SSW direction (Figure 4-21). The 
syn-rift 2 sedimentation at this time was controlled by the interaction of tectonic 
processes with regional transgressive/regressive episodes. As a result of this 
new rifting phase, some Triassic faults were reactivated and formed NE-SW 
structural trends in the TrØndelag platform area. 
Brekke, H. and Riis, F. (1987) mention that by Late Jurassic to Early 
Cretaceous times, the normal faulting was poorly affecting the area of the Inner 
Trøndelag platform as the extensional activity was migrating to the axial parts 
of the East Greenland – Mid Norway. However, the interpretation shows that 
the Inner Platform (Proximal domain) also experienced high density of normal 
faults during the intermediate rift stage (Rift 2) (Figure 4-5) 
The sedimentary patterns in the Terrace domain are characterized by a 
wedge-shaped package controlled by the Bremstein – Vingleia Fault Complex. 
The main sedimentation by the latest Middle to Late Jurassic corresponds 
mainly to shales with high content of fossils and organic matter. Most of the 
wells in the Trøndelag Platform show that the rocks deposited at this time have 
excellent source rock characteristics (Figure 4-6 and Figure 4-7).  
According to the wells, the depositional environment at the base of the syn-rift 
2 sequence (late Middle Jurassic), was open marine environment in the 
platform, resulting in the sedimentation of claystone and shale. These rocks 
represent excellent seals for the reservoirs of Early Jurassic. The area then 
became marine environment with highly anoxic conditions that led to the 
sedimentation of dark brown shales and grey shales with a high content of 
organic matter (Kerogen type II).  
Additionally, the tectonic activity at this stage let to the configuration of the 
Terrace domain, controlled by the Bremstein – Vingleia Fault Complex. 
However, despite the great displacement of the normal faults in the terrace 
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area, the Inner TrØndelag platform remains relatively stable since Jurassic 
times (Faleide et al., 2008). At the same time Skogseid et al. (2000) mentions 
that the initial configuration of the Vøring basin started as consequence of the 
intermediate rift stage (Rift 2). During the Early Cretaceous, the thinning and 
crustal extension led to the creation of a major basin in the Vøring area. 
Sedimentation rates in the Early Cretaceous were lower than the subsidence 
rate (Lien, 2005). 
As a consequence of the rifting stage, the Terrace domain suffered intense 
normal faulting and the action of the boundary faults gave the aspect of a 
down-faulted rhombic feature (Brekke and Riis, 1987). The thickness map for 
the syn-rift 2 sequence presents special geometries for the depocenters 
across the Terrace domain. The NNE-SSW strike created a series of 
elongated depocenters with the same trend (Figure 5-5). In the Dønna terrace, 
the Revfallet Fault Complex developed a series of local graben and horsts 
arrangement, with a network of normal faults and local transfer faults that 
influenced the geometries of the local basins. In the Halten Terrace to the 
south, NNE-SSW faults developed and caused strong rotation of blocks, 
generating local depocenters for the sedimentation of the first Cretaceous 
deposits. 
The master faults for the Bremstein and the Revfallet Fault Complex 
experienced a great footwall uplift, this led to the uplifting of the Nordland 
Ridge with the same NE-SW trend. Then, the new topographic configuration 
consisted of a big basin at the west of the ridge with a NE-SW direction with 
elongated geometry. Furthermore, the evolution of the rift stage connected 
smalls basins from the north to the south (Figure 5-6). 
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Figure 5-5 Thickness map in time of the late Middle Jurassic – Base Cretaceous sequence (Syn-rift 2), 
in the Terrace domain. The geometries adopted an elongated geometry highly controlled by the trend of 
the faults generated during the intermediate rift stage (Rift 2). 
The western extension of the depocenters in the terrace is controlled by the 
Klakk Fault Complex, these faults mark an important change in domains, from 
the elevated terrace area to the depression in the Ras basin. Although the 
Klakk Fault Complex has different strikes and geometries from south to north, 
the segment in the area of study has a NE-SW strike with both listric and planar 
characteristics, the footwall is represented mainly by the Sklinna Ridge and 
the bigger depocenters seems to be limited by this ridge at west (Figure 5-6). 
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Figure 5-6 Synthesis map with the geometries of the Depocenters during Late Jurassic (Rift 2).  
The geometry of the basin in the Terrace domain changed dramatically from 
the post-rift 1 stage to the intermediate rift stage (Rift 2). Firstly, the basin of 
Late Triassic and Middle Jurassic age did not present major tectonic activity, 
instead they were dominated by subsidence and sedimentation, just with some 
influence from the master faults at east related with the movement of the 
Nordland Ridge. Then, during the intermediate rift stage (Rift 2), the 
configuration changed with the intense NE-SW and NNE-SSW fault activity, 
creating a series of local sub-basins elongated with the same trend of the faults 
(Figure 5-6).  
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In the Inner Platform (Proximal domain), the thickness map for the Jurassic 
sequence shows the depocenters to have migrated to the east (Figure 5-7). 
Two aspects are important for the evolution of the depocenter geometries at 
this stage. One aspect is the close relationship between the strike of the faults 
and the depocenters, the overall NE-SW continues as the main direction for 
the geometry of the depocenters. The second important aspect is the tilting of 
the platform to the east. This movement created a depression on the area of 
the new Helgeland Basin, resulting in the migration of the depocenters 
eastwards from late Middle Jurassic times (Figure 5-8). 
 
 
Figure 5-7 Thickness map from the late Middle Jurassic (Bathonian) to the Top of Late Jurassic 
unconformity in the Proximal domain. This package represents the syn-rift 2 sequence in the Inner 
Platform (Proximal domain). The Faults in red are controlling the geometries of the local basins at the 
end of the intermediate rift stage. 
 
The synthesis map from Figure 5-8 indicates how the platform in the Proximal 
domain tilted eastwards since the late Middle Jurassic. The wide distribution 
of depocenters adopted from the post-rift 1 stage during Late Triassic – Middle 
Jurassic changed and the depocenters migrated eastwards creating the 
Helgeland basin. The action of the intermediate rift (Rift 2) intensified the 
uplifting of the Nordland Ridge and therefore the tilting of the flanks of the 
ridge.
 
 
Figure 5-8  Distribution of the depocenters during Late Jurassic (Rift 2) in the Inner Platform (Proximal 
domain). The red arrows indicate how the depocenters migrated from the previous stage (Post-rift 1). 
The green line indicates west boundary of the Helgeland basin. 
 
5.5 Post Rift 2 Middle Cretaceous 
The sedimentation rate increases from Early to Middle Cretaceous and during 
Cenomanian the morphology adopted from the Late Jurassic rift phase is 
exceeded; consequently, the localized depocenters converted into a wide 
depocenter with high subsidence and continuous sediment supply. 
Consequently, the margin became an area with low topography with smooth 
transitions into the Vøring basin.  
The well information presents of a more marine environment, getting deeper 
facies to the west where is falling into the Vøring basin domain (Figure 4-6 and 
Figure 4-10). The Lyr and Lang Formations from Aptian to Turonian times are 
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absent in the main Nordland high and in some local highs at the west of the 
platform. The number of carbonate beds present in the wells at this time 
gradually decreases as we advance towards the basin, facies became more 
mudstone rich. The Lang Formation reports good quality sandstone close to 
the Nordland Ridge.  
During Middle Cretaceous, the Vøring basin became deeper and wider. The 
Proximal domain remained as a shelf with low topography, and the Terrace 
domain was the slope with moderate transitions into the Vøring basin. 
Furthermore, the fluctuations of the sea level exposed areas at East 
Greenland and the ridges at West Norway, therefore they were affected by 
strong erosion. Consequently, some sheet sands for Upper Lange and Lysing 
Formations were deposited (Lien, 2005). 
The newly formed Vøring basin along with the uplifted surrounding areas 
favoured the increase in sediment supply by Turonian times. The high 
sedimentation overlying the Jurassic rocks is evident also in East Greenland 
(Færseth and Trond, 2002). 
The basin geometry for the Middle Cretaceous is controlled by the fault-scarp 
architecture in the Terrace domain. This topography conditioned the wedge-
like sedimentation even after the culmination of the rift stage. The western part 
of the Trøndelag Platform was affected by differential compaction in a 
tectonically stable period and the Cretaceous packages were onlapping 
against the pre-Cretaceous slope (Figure 4-6 and Figure 4-8). 
The depocenter geometry close to the axis of the Vøring basin is influenced 
by a period of continual subsidence, the tilting of the platform and the 
increased sedimentation rate. The Cretaceous infill thickens towards the axis 
of the basin and maintain the uniform thickness in the center. Following 
Faerseth & Trond, (2002), suggested that the basin was relatively flat and 
wide, enabling sediments to occupy a wider area.  
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5.6 Rift 3 and Break-Up Late Cretaceous – Eocene 
By Late Cretaceous, the tectonic regime changed. The west part of the Fles 
Fault Complex was affected by the late rift stage (Rift 3). This created a series 
of structural highs and lows with different and more complex sedimentary 
patterns.  
The rift stage is evidenced by a rapid subsidence and normal faulting with 
rotated blocks controlling the sedimentation of the Campanian – Maastrichtian 
deposits (Figure 4-23 and Figure 4-26). As a result of the extension, the Gjallar 
– Ran Ridge was formed to the west of the Vøring basin. The Gjallar – Ran 
Ridge shows uplifted Cretaceous and possibly pre-Cretaceous rocks in an 
extended structural high, affected by low angle listric faults and posterior 
erosion (Osmundsen and Péron-Pinvidic, 2018). 
The well 6706/12-2 drilled in the Distal domain indicates that the area in the 
western shoulder of the basin is characterized by mud-prone sedimentation 
with some turbidite system (Figure 4-11). Fjellanger et al., (2005) mentions 
that the lineaments like the Surt, Bivrost and Rym controlled the sediment 
pathways from East Greenland to the Vøring basin. 
As the boundaries of the main basin raised and tilted, the deep erosion 
affected the highlands and therefore filled the Vøring basin. According to Lien, 
(2005), the turbiditic flows coming from East Greenland became more 
common since Turonian.  
The Springar Formation presents good insight to the depositional environment 
during Campanian times. The well 6605/8-1 and 6605/8-2 drilled in the Vøring 
basin reported the formation at 2671 m, which consisted of grey claystone 
frequently interbedded with minor levels of sandstone (Figure 4-10). Similarly, 
the well 6505/10-1 located in the south of the Vøring basin reported mainly 
claystone for this package at 1642 m. Generally, the wells in the central and 
south areas of the basin indicate deposits in a deep marine environment for 
the middle basin (Figure 5-9). 
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Figure 5-9 Seismic section with the well 6505/10-1 drilled in the Vøring basin (Distal domain). The well 
reached rocks from the Lange Formation from Late Cretaceous (Shetland Group). The well found mainly 
shales and the target didn’t have good reservoir characteristics. 
 
In the western area, the syn-sedimentation by Campanian-Maastrichtian 
display a variable thickness in the Gjallar Ridge and the Nyk High, controlled 
mainly by the large-scale normal faulting. The well 6705/10-1 drilled on the 
Gjallar Ridge (out of the seismic survey) reports a succession of sandstones 
from the Springar Formation interbedded with claystone (Norwegian 
Petroleum Directorate). The well 6706/12-2 drilled in the Nyk High reports an 
oil discovery in a sequence of sandstones from the Nise Formation 
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interbedded with grey claystones (Figure 4-11). Hence, the information from 
the wells for the syn-rift 3 sequence indicate sedimentation in a deep marine 
environment with periods of turbidites flow coming from East Greenland 
(Fjellanger et al., 2005). 
The thickness map from the Figure 5-10 shows the different geometries of the 
depocenters of the syn-rift 3 sequence. The sedimentary packages at the west 
of the Fles Fault Complex presents a considerable thickening falling into the 
Vigrid Syncline, which is a structure with a wide wavelength consisting of 
Cretaceous rocks. This structure is bounded to the west by the Gjallar Ridge 
and the north by the Vema Dome and Nyk High, so the geometry of the 
syncline is widely influenced by the orientation of the NE-SW from the late rift 
stage. The area of the Nyk High has been influenced by the same NE-SW 
strike direction and therefore developed local depocenters. Additionally, the 
Rym Fault Complex with E-W to NW direction and the NE-SW faults divided 
the north area in two major depressions, the Hel Graben at West and the 
Nagrind Syncline at east (Figure 5-11). 
The geometries of the depocenters in the Gjallar Ridge, presents a close 
relation to the strike of the faults. The listric faults with NE-SW direction open 
accommodation for the sediments of Late Cretaceous age. The geometries for 
the local depocenters inside the rift, presents also a NE-SW trend. The local 
sub-basins in the Nyk High are also conditioned by the strike of the faults 
generated during Late Cretaceous rift. 
The synthesis maps in the Figure 5-11 shows the different geometries in the 
area affected by the late rift in the Distal domain. The faults in red present a 
NE-SW strike direction, which seems to be controlling the local sub-basins. 
However, as previously mentioned in Chapter 4, the Vema Dome originated 
during a different tectonic stage, the black faults affecting the Vema Dome, 
change the strike to a N-S and E-W, this change in strike can be related with 
the movement of the Rym Fault Zone during Paleogene. 
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Figure 5-10 Thickness map in time Syn-rift 3 sequence deposited during Late rift stage (Rift 3) in the 
Distal domain.  
During the Palaeocene, the Hinterlands of the Mid-Norwegian margin were 
uplifted which increased in the volume of sediments eroded and deposited into 
the Vøring and More basins (Lind, 2005). In addition, the basin is affected by 
regional uplift, strong igneous activity and strong erosion on the flanks of the 
VØring and MØre basin with the reactivation of Cretaceous normal faults 
(Faleide et al., 2008). The western shoulder of the Distal domain evidenced 
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the periods of uplift and erosion in the Gjallar Ridge and Vema Dome during 
the Paleogene. 
 
 
 
Figure 5-11 Geometries of the depocenters in the Distal domain during late rift stage (Rift 3). During Late 
Cretaceous the geometries of the depocenters were controlled by the NE-SW faults generated during 
Rift 3. 
 
106 
 
 
By the Eocene time, the final break-up between Eurasia and Greenland 
occurred; the crustal thinning and the intense magmatism came along with the 
final separation (Skogseid et al., 2000). As a result, there was an addition of 
numerous volcanic features represented by lava flows and igneous intrusions 
that can be easily identified in the seismic lines, mostly affecting cretaceous 
rocks. Furthermore, the high magmatic activity in this period affecting organic-
rich sediments. The intense volcanic activity led to the generation of great 
volumes of greenhouse gases that were sent to the atmosphere through gas 
eruptions and hydrothermal conducts (Koptev et al., 2017). 
After the separation in the Early Eocene, the tectonic regime around the Mid-
Norwegian margin suffered post-break-up deformation, mainly compressional 
but also extensional and led to the generation of Domes, arcs and reverse 
movement of normal faults in the Vøring and Møre basin (Lundin and Doré, 
1997). After final break-up, the Norwegian-Greenland Sea margin was 
affected by a compressional tectonic regime due to the onset of lithospheric 
ridge-push in the North Atlantic Ocean (Koptev et al., 2017). This new 
compressional stage lead to the development of contraction structures such 
as domes, arches and inversion of pre-existing normal faults with NW-SE 
direction (Blystad et al.1995). Further plate-tectonic reconfiguration stages 
caused a new extensional episode during Oligocene and Miocene. The 
Neogene tectonic regime caused the uplift of the structures in mainland at the 
east of the TrØndelag Platform and therefore an increased sediment supply in 
a deltaic systems prograding westward into the deep-water basin (Lundin & 
Dore 2002). Finally, at Pleistocene time, the action of repeated glaciations led 
to erosion and deposition of sediments into the basin. 
 
5.7 Summary 
Three episodes of rifting were identified in the Vøring Province. The early-rift 
stage (Rift 1) during Late Paleozoic – Early Triassic affected mainly the 
Proximal domain. This early-rift created a series of listric and planar normal 
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faults with NE-SW trend. The graben and half-grabens structures generated 
during this time present a close relation with the fault trend. The main 
depocenter in the Proximal domain was concentrated mainly in the central part 
of the area. The syn-rift 1 sequence consist of clastics and evaporites 
deposited in a continental to shallow marine environment.  
The Trøndelag Platform was tectonically stable from Late Triassic to Middle 
Jurassic. The uniform thickness of the post-rift 1 sequence in the Proximal and 
Terrace domains indicate that during this time the shelf had an even 
topography. The post-rift 1 sequence is compound by sandstones with 
bioturbations and some levels of shales and coal beds. 
The intermediate rift (Rift 2) started during late Middle Jurassic and extended 
until Early Cretaceous. The Rift 2 generated a series of normal faults with NE-
SW and NNE-SSW trend. In the Terrace domain the graben and half graben 
basins have a close relationship with the trend of the normal faults. In the 
Proximal domain the action of the Rift 2 tilted the basin and therefore the main 
depocenters from the Rift 1 migrated to the East and formed the new 
Helgeland basin. The syn-rift 2 sequence was deposited in an open marine 
environment and is compound by shale with high content of organic matter 
interbedded with sandstone levels.  
During the intermediate rift (Rift 2) the Nordland Ridge raised and the Terrace 
domain reached the stepped geometry. From that moment the ridge is 
considered an important element that conditioned the paleo depositional 
environments in the platform. The tectonic activity along with the changes in 
the sea level helped to increase the amount of sediments from the ridge into 
the basin especially at Cretaceous times. 
During Early Cretaceous, the tectonic activity in the Vøring basin generated 
rapid subsidence while the flanks remained elevated. This configuration 
caused sedimentation of sandstones in the Terrace domain whilst in the Distal 
domain the sedimentation was mud-prone. 
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The Late-rift (Rift 3) and final break-up stage affected the Distal domain. The 
deep Voring Basin experienced intense normal faulting that generated ridge 
structures specially in the western part of the basin. The NE-SW listric faults 
in the Gjallar Ridge and Nyk High generated basins with the same trend. The 
Syn-rift 3 sequence is compound by fine grain rocks with some levels of 
turbiditc sandstones coming from East Greenland. Periods of inversion and 
subsequent erosion are evidenced during Late Cretaceous and Paleogene, 
these events caused the elevation of domes and arcs.  
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6 Depositional Analysis on Different Domains 
6.1 Introduction 
This chapter aims to take the previous results of the tectono-stratigraphic 
evolution and integrate them with the interpretation of the fault styles and basin 
geometries. In order to analyse how the rift and post-rift stages controlled the 
depositional processes from the proximal to the distal domains (Figure 4-14).  
To understand the depositional patterns, it was necessary the calculation of 
RMS amplitude and frequency seismic attributes for each mega-sequence. 
From this an understanding to the distribution, morphology of the sedimentary 
bodies and the possible sedimentation pathways was gained. An in-depth 
methodology is outlined in Chapter 3.2.2. 
The analysis presents a close relationship in the Inner Platform (Proximal 
domain) between the basins developed during the early-rift stage (Rift 1) and 
the distribution of the amplitude and frequency anomalies.  
The sedimentation during the intermediate rift stage (Rift 2) was controlled by 
the geometry of the basin. The frequency attributes show that the normal faults 
were controlling the sedimentation of the syn-rift 2 sequence. Additionally, the 
RMS amplitude anomaly shows that the sandstones were distributed mainly 
in the East part of the Terrace and Proximal domains.  
The amplitude and frequency attributes calculated during late rift stage (Rift 3) 
show how the sedimentation was controlled by the NE-SW normal faults and 
how the configuration of the basin controlled the distribution of the sandstones 
in western part of the Distal domain. 
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6.2 Depositional Analysis in the Inner Trøndelag Platform (Proximal 
domain) 
The sedimentary history for the Inner Platform started at Late Paleozoic, with 
the deposition of clastics, and some levels of anhydrites, in a continental to 
shallow environment (Doré et al., 1999). The seismic attributes were 
calculated at the top of the syn-rift 1 sequence deposited during early rift stage 
(Rift 1) in the proximal domain (Figure 6-1). 
 
Figure 6-1 Seismic section in the Inner Platform (Proximal domain). The RMS amplitude attribute and 
the frequency cubes were calculated in the Top Triassic and Bathonian horizons. The lithology is 
extracted from the Norwegian Petroleum Directorate. 
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None of the wells located in the Proximal domain reached rocks from the syn-
rift 1 sequence. This aspect makes it difficult to calibrate the seismic anomalies 
with the lithology at this level. However, the well 6609/7-1 drilled in the 
Nordland Ridge reported shales from the Zechstein Formation. Additionally, 
this formation presents evaporites and shales to the base and carbonates and 
sandstones to the top of the syn-rift 1 sequence (Norwegian Petroleum 
Directorate). 
Figure 6-2 shows the distribution of the anomalies for the RMS amplitude and 
spectral decomposition at the top of the syn-rift 1 sequence in the Inner 
Trøndelag Platform (Proximal domain). The RMS amplitude anomalies in the 
Inner Platform are mainly distributed to the north and east of the area and 
some of them match the location of the local depocenters (see geometries in 
Figure 5-1). The bright RMS amplitude anomalies could indicate presence of 
coarse sediments and limestone that were deposited at the top of the syn-rift 
1 sequence (Figure 6-1). Although, it is thought the geometries of the local 
depocenters were controlled by major faults, the wide distribution of the RMS 
anomaly does not show any fault related trends.  
A 10 hertz frequency cube was calculated in a window of 10 milliseconds 
around the horizon that represents the top of the syn-rift 1 sequence (Figure 
6-1). The frequency anomaly is mainly distributed to the north and the east of 
the area. This distribution indicates that the highlands of west Norway could 
be the main source of sediments in the Proximal domain, during the 
sedimentation of the syn-rift 1 during Late Paleozoic – Early Triassic.  
The tectonic evolution indicates that from Early Triassic times the basin margin 
was affected by sea level fluctuations that controlled the siliciclastic influx, 
interchanging environments from deltaic to shallow marine.  
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Figure 6-2 Distribution of the Amplitude RMS anomaly (left) and Frequency 10 Hertz (right) in the Inner 
Platform during Early Triassic (Rift 1; Proximal domain). The RMS amplitude and frequency anomalies 
are inside the red dashed lines. The RMS anomaly suggest a wide distribution of the coarse sediments 
in the area. During Rift 1 the Norwegian mainland was located at East near to the Proximal domain, the 
blue arrows indicate possible sedimentary entry points coming from west Norway. 
 
The wells in the Inner Trøndelag Platform register very good reservoirs by Late 
Triassic and Middle Jurassic, the presence of high porosity sandstones 
intercalated with shales and claystone became the target for several 
exploratory campaigns in the area.  
The good reservoir characteristics of the Are, Tilje, Ile and Garn Formations 
(Bat and Fangst Group) are evidenced in the seismic as a high amplitude 
packages affected by the NNE-SSW normal faulting (Figure 4-3). The RMS 
amplitude extraction and frequency cubes were calculated at this level to 
understand the depositional patterns in the Proximal domain during the post-
rift 1 stage (Late Triassic - Middle Jurassic). 
The RMS amplitude attribute were calculated in window of 10 milliseconds 
around the horizon that represent the top of the post-rift 1 (Figure 6-1). This 
level contains high impedance sandstones and this package is widely 
distributed in the Proximal domain. The RMS amplitude anomaly seems to be 
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concentrated in the middle of the area and seems to be partially controlled by 
the main faults. However, towards the east, the amplitude anomaly shows a 
clearer control by the faults, the bright sands change in direction controlled by 
the NE-SW strike of the normal faults (Figure 6-3). 
The Spectral Decomposition at 10 hertz exhibits an anomaly concentrated in 
the east of the area. The synthesis maps from Figure 5-7 shows how the 
geometries of the basin for the Jurassic sequence started to change, creating 
a depression towards the east of the area. The frequency anomaly is 
concentrated also at east towards the Helgeland Basin (Figure 6-3). In some 
places the anomalies seem to be elongated close to the faults which could 
also indicate fault control patterns. The distribution of the frequency anomaly 
is concentrated in the east part of the area, this could indicate that sediments 
came from West Norway highlands. 
 
 
Figure 6-3 Distribution of the RMS Amplitude anomaly (left) and Frequency at 10 Hertz (right) in the 
Inner Platform during late Middle Jurassic (Post-rift 1; Proximal domain). The anomalies are inside the 
red dashed lines. The RMS amplitude anomaly indicate a wide distribution of sandstones of the Fangst 
Group. The frequency anomaly shows the sedimentary bodies were concentrated in the East of the area 
suggesting that the sediments were coming from Norway mainland. 
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6.3 Depositional Analysis in the Terrace Domain  
The post-rift 1 sequence in the Terrace domain is of great interest. The 
sedimentation in the Trøndelag Platform during Late Triassic - Middle Jurassic 
ocurred in a tectonically stable period. This favoured the deposition of rocks 
with a high content of plants and bioturbation (Norwegian Petroleum 
Directorate). Furthermore, the strategic location of the platform allowed the 
reception of several influxes of high-quality sandstones from different sources; 
the hinterlands from Norway and East Greenland seems to be close high 
grounds capable of transport coarse sediments into the basin (Brekke et al., 
1999).  
 
Figure 6-4 Seismic section in Terrace domain. The RMS amplitude attribute and the frequency cubes 
were calculated in the late Middle Jurassic (Bathonian) and Base Cretaceous Unconformity. The 
lithology is extracted from the Norwegian Petroleum Directorate. 
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Wells 6507/5-2, 6507/2-1, 6507/11-3 and 6506/11-3 drilled in the Terrace 
domain manifest the presence of good quality sandstones from Fangst Group. 
The Garn Formation deposited at Middle Jurassic appears as a gas and 
condensate level, with the lower sandstone levels from Tilje with water content 
in the wells 6507/5-2 and 6507/11-3. Whilst the wells 6507/2-1, 6506/11-3 
drilled in the western part of the terrace, reported good quality sandstones for 
the Middle Jurassic levels but just with shows of hydrocarbon (Figure 4-6 and 
Figure 4-7). 
According to the information from the wells, the presence of Middle Jurassic 
sandstones seems to be common in most of the Terrace domain. For this 
reason, the spectral decomposition was calculated for a frequency of 12 hertz 
along this horizon to understand the filling patterns of the basin at the late post-
rift 1 sequence (Figure 6-4). 
The spectral decomposition shows the distribution of the sediments in the 
latest post-rift 1 stage during Middle Jurassic in the Terrace domain. While the 
anomaly seems to be strong at the east closer to the Nordland Ridge, in the 
distal parts seems to be less distributed with some meander response (Figure 
6-5). The distribution of the anomaly could be supported by the geometry of 
the basin discussed in Chapter 5.3. During this time the basin didn’t have the 
stepped aspect and the intense normal faulting was not present yet. Supported 
also  by the continue plane parallel sedimentation evidenced in the seismic 
sections in the post-rift 1 sequence (Figure 4-8).  The Terrace domain during 
post-rift 1 times was flat with a gentle inclination towards the west, this 
favoured the meander-like response of the anomaly and the presence of 
distributary channels (Figure 6-5). 
Another important aspect is that the sedimentation pathways at this time seem 
to have a Northeasterly to Southwesterly trend in the northern part with fairly 
long distributary channels finishing in fan-like deposits. The pathways may be 
controlled by the NE-SW strike of the master faults of Bremstein and Revfallet 
Fault Complex that has been acting since Triassic times. Whilst in the central 
and southern part the sedimentation pathways seem to come from the east. 
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The distal hinterland areas could be the main source for sediments into the 
terrace, however as is evidenced in the seismic, the Nordland Ridge was in 
the uplifting process at this time so its contribution as a source of sediments is 
not discarded. 
 
 
 
Figure 6-5 Frequency Attribute at 12 Hertz of the late Middle Jurassic (Bathonian, top of Post-rift 1) in 
the Terrace domain. The bright colours indicate some sedimentary patterns in the area. the blue arrows 
indicate that the main flow of sediments is coming from the east. The red arrows indicate how the 
sediments are transported in the terrace. 
The Figure 6-6 shows the distribution of the sandstones at the top of the post-
rift 1 sequence. The RMS amplitude was calculated in the upper levels of the 
Fangst Group (Figure 6-4). The anomaly shows fan-like deposits to the west 
of the Nordland Ridge, whilst in the western part of the terrace the presence 
of sandstones is related with distributary channels. In the Nordland Ridge the 
distribution of the sandstones are controlled by the NE-SW normal faults. The 
anomaly shows that during Late Triassic and Middle Jurassic (Post-rift 1) the 
sandstones bodies are controlled by the master faults of the Revfallet fault 
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zone and the Bremstein fault complex. However, in the western part of the 
Terrace domain the faults did not have major control of the distribution of the 
coarse sediments. 
 
 
Figure 6-6 RMS amplitude attribute in the late Middle Jurassic (Bathonian, top of Post-rift 1) in the 
Terrace domain. The bright colours represent the distribution of the sandstones in the area. 
 
The intermediate rift stage (Rift 2) in the Terrace domain started at the latest 
Middle Jurassic (Doré et al., 1999). Continued extension along with the 
transgression changed the environments to an even more open marine with 
anoxic conditions and gave chance to the deposition of full kerogen source 
rocks in the area of the platform (Bukovics and Ziegler, 1985). In addition, the 
stepped configuration for the Dønna and Halten Terraces was achieved during 
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this rift phase. The large displacement for the main faults created the down-
faulted setting and the intense normal fault activity caused the rotation of the 
fault-blocks (Færseth and Trond, 2002). 
These new depositional conditions in the syn-rift 2 sequence during Late 
Jurassic are supported by the wells. The sedimentation of claystone from the 
Melke Formation which works as seal rock for the previous reservoirs and the 
high-quality source rock from the Spekk Formation are reported by most of the 
wells in the terrace area. From Kimmeridgian – Tithonian to Early Cretaceous 
the sea covered a great part of the area although the flanks of the platform 
and local highs remained emerged and consequently suffered strong 
denudation depositing local shallow marine sands (Brekke et al., 1999). 
The spectral decomposition of a frequency of 18 hertz was calculated at the 
top of the syn-sedimentary sequence of Late Jurassic (Figure 6-4). Mainly the 
Late Jurassic rocks were deposited during the intermediate rift stage (Rift 2) 
in the Terrace domain. Figure 6-7 shows the overall trend for the 
sedimentation of the syn-rift 2 sequence. In contrast with the anomaly in the 
previous post-rift 1 sequence, this anomaly covers great part of the main basin 
suggesting a more intense sedimentation rate probably caused by the erosion 
of the proximal highs. 
The frequency anomaly suggests a close relationship between the infill and 
the geometry of the basins (Figure 5-6). At this time the Nordland Ridge 
appears as positive ground and could be the main source of the sediments not 
only in the Terrace domain but also for the Inner Platform in the east. The 
master fault for the Revfallet complex with NE-SW trend at the west of the 
ridge controlled the main geometry of the basin and therefore the depositional 
patterns followed the same trend. Equally, at the south, the Bremstein Fault 
Complex controlled the distribution of the anomaly in the Halten Terrace 
(Figure 6-7). 
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Figure 6-7 Frequency Attribute at 18 Hertz of the Late Jurassic (Rift 2) in the Terrace domain. During 
this time the Nordland Ridge was the main source of sediments in the Terrace domain (blue arrows).  
The red arrows indicate how the main faults controlled the sediment pathways in the terrace. 
 
The RMS amplitude attribute was calculated at the top of Late Jurassic to 
represent the distribution of the coarse sediments in the Terrace domain 
during the intermediate rift stage (Rift 2) (Figure 6-4). The amplitude anomaly 
shows a close relationship with the faults from the Revfallet and Bremstein 
fault complex. The sediments are distributed with a NE-SW trend following the 
main strike of the faults. Additionally, the distribution of the coarse sediments 
is concentrated in the western part of the Nordland ridge close the main faults. 
Furthermore, the ridge doesn’t present any anomaly in the crest. This indicate 
that the Nordland Ridge was affected by erosion during the intermediate Rift 
stage, and the sediments were accumulated in the footwall in the west of the 
ridge (Figure 6-8). 
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Figure 6-8 RMS amplitude attribute in the Late Jurassic (Rift 2) in the Terrace domain. The bright colours 
represent the distribution of the sandstones in the area. 
 
6.4 Depositional Analysis in the Cretaceous Vøring basin (Distal 
domain) 
The thick Cretaceous sequence in the Vøring basin encompasses sediments 
from the Terrace to the Distal domains. The rocks show evidence of the 
different tectonic stages since the intermediate rift stage (Rift 2), post-rift 2, 
and the distal Late-rift stage (Rift 3). This section shows the attributes 
extraction for the post-rift 2 at Middle Cretaceous in the east, and the syn-rift 
3 during Late Cretaceous in the west, in order to understand the different filling 
patterns that could exist on these stages. 
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The irregular topography in the Terrace domain inherited from the Late 
Jurassic – Early Cretaceous rift was peneplanned by Turonian times (Færseth 
and Trond, 2002). Whilst the positive areas in the Nordland Ridge and some 
local highs became an important source of sediment during a period of tectonic 
quiescence. The area was filled with thin deep-water fan deposits in the 
proximal parts and  changing transitionally to shale towards the center of the 
Vøring basin (Fjellanger et al., 2005). The majority of the wells on the eastern 
part of the Cretaceous basin reports mainly shale with some level of 
carbonates. However, the wells also reported the presence of a good quality 
sandstones represented by the Lange and Lysing Formation with a thickness 
between 50 and 100 meters, this rocks were deposited in a marine 
environment (Figure 4-6). 
The sandstones deposited in the Dønna Terrace during Cenomanian and 
Turonian are identified as a high amplitude level. This amplitude is also related 
with the presence of hydrocarbon in the Lysing Formation (Figure 4-6).  
The spectral decomposition calculated on the Lysing Formation, shows a fairly 
flat basin dipping westwards (Figure 6-9). The attribute doesn’t show evidence 
of any major tectonic activity or faulting, which supports sedimentation in a 
period tectonically stable. Here rocks are onlapping against the Nordland 
Ridge in the east and spreading into the deep Vøring basin in the west. The 
anomaly is distributed along the western flank of the Nordland Ridge, which 
suggests the proximity to the main source of sediments. Furthermore, in the 
Dønna Terrace the anomaly is advancing towards the center of the Ras Basin, 
potentially using a series of distributary channels culminating in fan deposits. 
The attribute in Figure 6-9 shows how the ridge to the east was an important 
source of sediments since Turonian in the proximal parts of the Vøring basin. 
This easterly provenance became an important source as the basin gets 
deeper (Fjellanger et al., 2005). Although the coverage of the seismic 
information makes difficult to determine the sediment pathways for the Distal 
domain (Gjallar Ridge, Nyk High) the reports from the wells point out East 
Greenland as the main input of sediments (Fjellanger et al., 2005). 
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Figure 6-9 Frequency attribute at 20 Hertz for Middle Cretaceous (Post-rift 2) in the Terrace area. Blue 
arrows indicate that the sediments came mainly from the uplifted Nordland Ridge. The red arrows 
indicate sediments pathways in the Terrace. The distribution of the sedimentary bodies doesn’t show 
fault control. The anomaly concentrated in the Ras basin indicate that some sediments could came from 
East Greenland. 
 
During Early Cretaceous the Nordland Ridge was elevated and affected by 
strong erosion. These sediments were deposited in the terrace area and 
advanced towards the new Vøring basin following a series of distributary 
channels. The RMS amplitude attribute calculated during the post-rift 2 shows 
how the Nordland Ridge in the east was the main sourse of course sediments 
in the area (Figure 6-10).  
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Figure 6-10 RMS amplitude attribute in Middle Cretaceous (Post-rift 2). The bright colours represent the 
distribution of the sandstones in the area. The Nordland Ridge is the main source of coarse sediments 
during Cretaceous times in the Terrace area. 
 
It is  important to mention that the intense igneous activity derived from the 
final break-up of Greenland and Eurasia during the Eocene (57 Ma), injected 
a series of intrusive bodies that affected Cretaceous and Cenozoic rocks 
mainly in the Distal domain. The seismic shows how this bodies propagate 
through the unconformities and sometimes move to upper levels taking 
advantage of the fault planes. Therefore, the seismic reflection is highly 
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diminished on some areas, so the calculation of attributes have some level of 
uncertainty.  
The late rift activity during the Late Cretaceous was concentrated in the 
western boundary of the Vøring basin (Brekke et al., 1999). Thicknesses of 
Campanian-Maastrichtian syn-rift varies within the Vøring basin, due to major 
erosion from the base Paleogene unconformity. Large amount of erosion is 
present in the west of the basin. However, the different wells reported the 
presence of turbidites sandstones for this syn-rift 3 sequence (Figure 4-11). 
The turbidites levels appears in the Nise and Springar formations. In general, 
the information from the wells indicates mudstone and claystone 
sedimentation in a deep marine environment with periods of turbidites flow 
coming from a proximal source (Fjellanger et al., 2005). 
 
 
Figure 6-11 Seismic section in the Gjallar Ridge (Distal domain). The RMS amplitude attribute and the 
frequency cubes were calculated in the top of Late Cretaceous (Rift 3) and the top of Eocene. 
The levels with sandstones during Late Cretaceous on the western part of the 
Vøring basin (Gjallar Ridge, Nyk High, Vema Dome) are represented by some 
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amplitude variations in the seismic. The frequency and RMS amplitude 
anomalies suggest a series of entry points into the basin from exposed lands 
from East Greenland that took advantage of the tectonic movements to bring 
sediments to the basin (Fjellanger et al., 2005). 
The RMS amplitude attribute and the frequency cube at 20 hertz were 
calculated at the top of the syn-rift 3 sequence (Figure 6-11). Although the core 
of the Gjallar Ridge doesn’t have an interesting amplitude response, the east 
part of the ridge presents a NE-SW anomaly aligned with the NE-SW trend of 
the main faults on the ridge.  
 
Figure 6-12 RMS amplitude Late Cretaceous (Syn-rift 3) in the Distal domain. The blue arrow indicates 
the sediment entry point. The red arrows indicate the pathway inside the seismic cubes. The yellow 
circles are the anomalies caused by igneous bodies. 
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Around the Nyk High a trend controlled by the fault system is also notorious, 
some anomalies appear to be elongated and truncated by the faults. Besides, 
the distribution of some anomalies over the area of the Vema Dome suggests 
that some structures were controlling the sedimentation before the big 
Paleogene uplift. 
An abrupt termination of the anomaly is visible in the Northeast of the Gjallar 
Ridge (Figure 6-13 and Figure 6-13). At this point, there is an influence from 
the Rym Fault Zone, which generated crossed faults with NW-SE strike 
direction and prolong through the Vema Dome and extents until Nyk High.  
 
Figure 6-13 Spectral decomposition at 20 Hertz for the Top of Late Cretaceous (Rift 3) in the Distal 
domain. The blue arrow in the North indicate the entry point of sediments coming from East Greenland. 
The red arrows indicate how the sediment pathways are influenced by NE-SW faults generated during 
Rift 3 stage.  
 
Considering that the ridge and the Nyk High were tectonically active at this 
time, it is very likely that the sediment pathways responsible for the 
sedimentation of turbidites could have taken advantage of this fault zone to 
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transport the coarse sandstones from East Greenland through the Rym Fault 
Zone and then move along the major NE-SW normal faults from Late 
Cretaceous. (Figure 6-13) 
The RMS Amplitude extraction made over the Eocene level tends to identify 
any sedimentation patterns at break-up stage (Figure 6-14). However, the 
response shows the major challenge when it comes to interpretation in basins 
affected by volcanism. The anomaly is absent in the Gjallar Ridge; in the Nyk 
High and Vema Dome, the structural highs are highly affected by seismic 
artefacts that absorbed all the signal, these anomalies could be related to 
igneous bodies, diapirs or problems during the processing of the seismic. 
 
Figure 6-14 RMS Amplitude attribute Top Eocene (Break-up) Distal Domain. 
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6.5 Summary 
In the Inner Platform the depositional patterns seem to be controlled by the 
geometry of the basin during the sedimentation of the syn-rift 1 and post rift 1 
sequences. The presence of coarse material reported by the wells during Late 
Triassic – Middle Jurassic is corroborated by the high amplitude anomaly. 
Besides, the frequency anomaly could suggest entry points of sediments from 
the Norwegian highlands at west.  
The sedimentation of the post-rift 1 sequence in the Terrace domain is 
controlled by the master faults of the Revfallet and Bremstein fault complex. 
The coarse sediments were accumulated in fan-like deposits and channel 
complexes. During the intermediate rift stage (Rift 2) the NE-SW trend of the 
faults controlled the main geometry of the basin and therefore the sediment 
pathways of the sandstones in the Dønna and Halten terraces.  
The basin for the post-rift 2 sequence in the terrace area was flat without major 
tectonic affectation. The anomaly shows some channel complexes in the west 
of the platform that carried coarse sediments coming from the Nordland Ridge.  
In the Distal domain the RMS amplitude anomaly shows that the 
sedimentation was mainly mud-prone with some levels of turbidites. The 
sedimentation of the coarse material is controlled by the NE-SW faults in the 
Gjallar Ridge and Nyk High.  
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7 Petroleum implications 
7.1 Introduction 
The Norwegian Sea area has been the focus of intense oil and gas exploration 
since the first license acquired by 1980. In the beginning, the oil companies 
were focusing on the Inner Platform (Proximal domain). The main target was 
the Late Palaeozoic and Mesozoic rocks, during those campaigns the 
geologist used to correlate the rocks from the Norwegian sea with the rocks 
from  East Greenland (Brekke et al., 1999). After 1994, new successful 
discoveries on deeper waters made the companies to change the target and 
therefore the drilling programs moved to the Terrace and Distal domains 
(Figure 7-1).  
This chapter shows the presence of the elements of the petroleum system 
(source rocks, seals, trap and reservoirs), on each tectonic domain and its 
relationship with the tectonic stage. The configuration of the different domains 
due to the tectonic evolution in the margin has a close relationship with the oil 
and gas accumulations. Since early rift during Late Palaeozoic to the final 
Break-up at Eocene, the periods of uplift, erosion, subsidence, and strong 
faulting, created special conditions to develop the petroleum elements on each 
domain. 
Due to the tectonic evolution of the Mid-Norwegian margin, each domain to 
developed a complete petroleum system. The Terrace and the Distal domain 
have important oil and gas fields and therefore proved the presence of a 
mature thermogenic source rock. The Proximal domain also has all the 
elements of the petroleum system; however, this domain has not found 
important accumulations as the other tectonic domains. 
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7.2 Reservoir 
The hydrocarbon reserves in the margin have been discovered in Mesozoic 
and Cenozoic rocks. The Mesozoic reservoir rocks with good characteristics 
in terms of porosity and permeability are present in the three domains 
(Proximal, Terrace and Distal). In the Inner Platform (Proximal domain) and 
the Terrace domain, the Early Jurassic rocks from Are, Tilje and Ile Formations 
(Fangst Group) show excellent reservoir characteristics (Figure 6-1 and Figure 
6-4). The porosity varies between 25% to 32%, with a net to gross around 64% 
(Norwegian Petroleum Directorate). These formations were deposited during 
post-rift 1 stage in a shallow marine environment. 
The Lysing Formation from Middle Cretaceous, the Nise and Springar 
Formation from Late Cretaceous could be considered the main hydrocarbons 
reservoirs in the Terrace and Distal domains. The rocks were deposited during 
turbiditic flows and basin floor fan deposits in the post-rift 2 and late rift (Rift 3) 
stages (Figure 6-10). The rocks were deposited in an open marine 
environment in the terrace area with variations to deep marine in the Vøring 
basin (Distal domain). 
The presence of reservoir rocks in the Mid-Norwegian margin is related to 
periods of uplift and erosion of the proximal ridges and highs. During Early to 
Middle Jurassic times the sandstones were deposited during the post-rift 1 
stage, and have a close relationship with sedimentation coming from 
continental mainland. Additionally, the elevation of the Nordland Ridge 
specially during the intermediate rift stage (Rift 2), became the main source of 
coarse sediments during Late Jurassic and Cretaceous in the Terrace domain. 
In the Distal domain, some reservoirs were deposited during the post-rift 2 and 
late rift (Rift 3) stages, Middle and Late Cretaceous respectively, the coarse 
sediments were driven to the basin as turbidites and fan deposits coming 
mainly from East Greenland. 
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Figure 7-1 Map showing the hydrocarbon accumulations in the different domains. The Proximal domain 
found oil shows in the Mesozoic rocks. The Terrace domain is the most prolific domain, it presents 
hydrocarbon discoveries in Jurassic and Cretaceous rocks. The Distal domain has accumulations in the 
structures from Cretaceous and Cenozoic rocks. The red line is the location of the section of the Figure 
7.2. (Information extracted from Norwegian Petroleum Directorate). 
7.3 Trap 
The Mid-Norwegian Margin has different trap styles, and it varies from 
structural to stratigraphic. The structural traps related to faults are typical in all 
the margin specially in the pre-Cretaceous rocks in the Proximal and Terrace 
domains. The intense normal faulting derived from early, intermediate, and 
late rift stages, created a series of graben and horst structures and could be 
considered the most effective trap styles in the margin.  
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The presence of stratigraphic traps is more common in the Cretaceous rocks 
especially in the Terrace domain (Figure 4-6). For example, the amplitude 
anomaly found in the Middle Cretaceous rocks of the Lysing Formation is 
related to lateral variations of the lithology, when the shale appears down-dip 
adding a strong stratigraphic component to the trap (Figure 6-10). 
The Drilling programs in the Distal domain is mainly focused on the structural 
highs developed during rift 3 and Cenozoic inversion periods for example in 
the Vema Dome. The traps in the Vøring basin (Distal domain) are mainly 
structural with a complete closure. However, the prospects related to basin 
floor-fans and turbidite deposits could add a special stratigraphic component 
for the delimitation of the trap. 
The classification of the trap in the Vøring province is highly related to the rift 
stages, the pre-Cretaceous structural traps in the Inner Platform (Proximal 
domain) and the Terrace domain are related to the tectonic activity from the 
early and intermediate rift stage during Late Palaeozoic and Late Jurassic 
respectively. On the other hand, the stratigraphic component is added mainly 
during the Cretaceous post-rift 2 and rift 3 stages.   
 
7.4 Seal 
The oil and gas fields discovered in the Mid-Norwegian Margin indicate the 
presence of good seal rocks, although some of the wells reported risk in seal 
integrity related to overpressure in the Terrace domain. Normally, the 
overburden pressure in deep targets, and the up-dip seal in stratigraphic 
prospects are the critical aspect (Norwegian Petroleum Directorate). 
The presence of good seal rocks is evident on post and rift stages in the 
margin, the Terrace and Distal domains have effective seals whilst the lack of 
overburden in the Proximal Domain could be one of the factors that failed in 
some of the drilled prospects. 
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7.5 Source Rock 
The presence of a hydrocarbon source rock is evident in all domains in this 
research, however, the Terrace and the Distal domains seems to have better 
characteristics than the Inner Platform (Proximal domain). The wells drilled in 
the Proximal domain manifested that Middle Jurassic rocks from Melke and 
Spekk Formations present good characteristics for source rock, around 9% 
TOC with potential for oil and gas. However, in the Inner Platform, most of the 
wells were considered dry holes and some just oil shows (Norwegian 
Petroleum Directorate).  
In the Terrace domain, The Melke and Spekk Formations have better 
conditions and therefore they are the source rock of the main discoveries. 
These formations were found in most of the wells drilled in the Halten and 
Dønna terraces, all the wells reported excellent characteristics for oil and gas 
generation. Additionally, the presence of hydrocarbons in Early Jurassic 
reservoirs could indicate the presence of potential Triassic source rocks. In 
the case of the Distal domain, the discoveries are located mainly in the Late 
Cretaceous levels in the Vøring basin, hence the source rocks are related to 
the dark shales from Middle Cretaceous.  
The source rocks in the Mid-Norwegian margin were deposited in different 
tectonic stages. The sedimentation of Triassic source rocks occurred during 
early rift and post-rift stages whilst the Late Jurassic source rocks were 
deposited during the intermediate rift stage (Rift 2). The Cretaceous source 
rocks are related to the end of the rift 2 and the beginning of the post-rift 2 
stage during Middle Cretaceous times.  
The rifting periods and the fluctuation of the sea level played an important role 
in the accumulation of the source rocks in the margin, deeper and wider basins 
were generated during the different rift stages, and therefore the change to a 
marine depositional environment created optimal conditions for the 
sedimentation of rocks with high TOC.  
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The igneous bodies affected the Distal domain during break-up stage at 
Eocene. This igneous intrusions could have had impact in the maturation of 
the source rocks. (Brekke et al., 1999), mention that the heat flow induced 
from the magmatic activity, helped in the early maturation of the source rocks, 
on the other hand, the proximity of the sills could have been burnt out the rock.  
 
 
 
Figure 7-2 Seismic section in the Terrace domain showing the source rock, migration pathways and 
levels with hydrocarbon accumulations. The location of the line is in Figure 7.1  
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7.6 Summary 
The architecture of the different domains in the Mid-Norwegian Margin due to 
the tectonic evolution is the most important aspect for the accumulation of 
hydrocarbons. Each tectonic stage from early rift until break-up created special 
conditions for the presence of each element of the petroleum system. 
The exploration activity in the area has proven an active petroleum system. 
The less prolific area is the Proximal domain, although it has some evidence 
of hydrocarbon accumulations, some elements like seal rock and source rock 
maturation seems to be the major risk.  
The Terrace domain has proved to be a prolific oil and gas province, all the 
elements of the petroleum system are present.  Good quality sandstones were 
deposited during post-rift 1 and 2 and the excellent source rocks during rift 2 
stage. The subsidence of the Terrace opened space to the sedimentation of 
Cretaceous and Cenozoic sediments, the overburden created ideal conditions 
for the pre-Cretaceous source rocks to generate and expulse hydrocarbon. 
The intense normal faulting from the different rift stages played an important 
role in the generation of traps.  
The Distal domain represented by the Cretaceous Vøring basin has important 
hydrocarbon fields. The exploration activity has been mainly looking for oil in 
rocks deposited during post-rift 2 and during late rift (Rift 3). The source rocks 
were deposited in the Vøring basin during post-rift 2 stages.  
The evolution of the Vøring basin in the Distal domain started since the 
intermediate rift stage during Late Jurassic, the great overburden and the 
water load created ideal conditions for the migration of hydrocarbons that 
charged the traps located in the upper levels of the same domain, However 
the radial migration pathways could have charged Cretaceous reservoirs in 
the Terrace area. 
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8 Discussions 
The purpose of this study is to understand the tectonostratigraphic evolution 
of the Mid-Norwegian margin based on seismic interpretation and structural 
analysis, as well as to investigate how the configuration on each structural 
domain controlled the sedimentation patterns at different stages of the margin 
evolution. In this chapter we take the observations derived from the 
interpretation of the fault geometries, structural maps, thickness maps and 
attributes extractions, to discuss the Mid-Norwegian rift margin evolution and 
to compare it with different rifted margins; the evolution of the basin geometries 
through time as a consequence of the tectonic stages; and the different filling 
patterns on each domain.  
 
8.1 Rift Basins 
The Mid-Norwegian Margin was affected by a long history of extensional 
phases that controlled the development of the basins. Many authors Bukovics 
and Ziegler, (1985); Brekke and Riis, (1987); Brekke et al., (1999); Doré et al., 
(1999); Skogseid et al., (2000); Osmundsen et al., (2002); Van Wijk, Van der 
Meer and Cloetingh, (2004); Fjellanger et al., (2005); Osmundsen et al., 
(2017); Osmundsen and Péron-Pinvidic, (2018); defined the margin as a zone 
tectonically affected by thrusting, rifting, folding, subsidence, uplift and 
volcanism; with the sedimentation of conglomerates, sandstones, and shales, 
deposited in environments from continental, lacustrine, shallow until deep 
marine.  
Every rifting episode developed in a particular area influenced the tectonic 
configuration of each province. This research identified three regional domains 
by delimiting the areas affected by the different rift episodes through time in 
the Mid-Norwegian margin segment (Figure 8-1 and Figure 8-2). The Proximal 
domain is mainly the Inner Platform, formed in the early rift stage (Rift 1) during 
Late Paleozoic, which is evidenced by a thick Late Palaeozoic – Early Triassic 
sequence (Syn-rift 1). The Nordland Ridge and the Bremstein Fault Complex, 
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separate the Proximal domain from basinward Terrace domain. The terraced 
bathymetry is the result of the intermediate rift stage (Rift 2) starting at late 
Middle Jurassic times. This domain is delimited to the west by the Sklinna 
Ridge. The Distal domain in this study is represented by the Vøring basin, 
however the area of influence of the late rift stage (Rift 3) extends from the 
Fles Fault Complex to the Gjallar Ridge. It is important to mention that the 
seismic data set doesn’t cover completely every domain (Figure 8-1). 
 
 
Figure 8-1 The three tectonic domains and the most important structural elements of the Mid-Norwegian 
margin identified in this work.
 
Figure 8-2 Cross section illustrating all the tectonic elements and extend of the different rift zones identified in this research. (for location see Figure 8-1) 
 
 
 
Now it is useful to relate margin-scale and the basin-scale observations. The 
definition of a rift according to Will and Frimmel, (2018), is an elongated 
depression, bounded by faults, in a zone with reduced thickness of the 
lithosphere due to extension during rift formation. Additionally, Deng et al., 
(2017), states that tectonic extension is localized in crustal zones that suffered 
earlier phases of deformation or orogenic events. In the case of the Mid-
Norwegian margin, the analysis shows that the early rift episode affected 
mainly the Proximal domain. The basement under the Late Palaeozoic 
packages is pre-Devonian and was affected previously by the Caledonian 
orogeny, this compressional event conditioned the evolution of the faults 
during the rift 1 stage. Fossen et al., (2017), remarked that the Post-
Caledonian extension in West Norway reactivated orogenic shear zones as 
the tectonic regime changed from contraction to extension. Furthermore, the 
author suggests that progressive strain accumulation on the faults propagated 
basinwards. Hence, the rift episodes in the Mid Norwegian Margin form a 
characteristic rift basin; first, as the architecture of the elongated structures are 
bounded by normal faults and second, the structures from the earliest 
landward rift basin were inherited from the collapse of the Caledonian orogeny. 
Moreover, the behaviour of the pre-rift basement influencing the rift geometry 
is common in other basins, as it is indicated by Will and Frimmel, (2018), in 
the case of Gondwana, where the separation of the continents followed the 
structural trend imprinted by of previous Cambrian Kuungan orogeny. 
It is important to analyze the main structural components of the rift basin in the 
Norwegian margin. Chapter 4 discussed the orientation and timing of the 
principal faults bounding the different grabens and half-grabens. Additionally, 
as it is mention by Withjack O.M. and Schlische R. W., et al., (2002), that the 
rift systems present common structural components such as uplifted footwall 
blocks along the rift margin faults. In this research, it is possible to define the 
different areas of influence for every rifting episode by identifying the main 
boundary faults. In the case of the Trøndelag Platform, two rift episodes were 
identified, the earliest one affected the Inner Platform during Late Palaeozoic, 
and the intermediate affected mainly the Terrace domain during late Middle 
Jurassic. Each of the related rift basins can be delimited by their major 
140 
 
 
boundary faults and its related uplift. In the Inner Platform the boundary fault 
west of the Nordland Ridge represent the basinward limits of the rift 1 episode. 
In the Terrace domain, the Sklinna Ridge and its related faults form the limit of 
the rift 2 (Figure 8-2). For the rift 3 that affected the western shoulder of the 
Vøring province during Late Cretaceous, different authors locate the boundary 
fault west of the Vøring basin separating the basin and the Marginal High 
(Figure 8-1).  
 
Figure 8-3 Cross sections of different rift basins showing the boundary faults (BF) and the main Trough. 
a) section of the Inner Trøndelag Platform, Mid Norwegian Margin b) Jeanne d’ Arc rift basin, Canada. 
c) Suez rift basin, Egypt (Oliver et al., (2005). 
The Basement-involved normal faults are identified in different rift systems, 
some examples are the Jeanne d’Arc basin offshore southeast Canada, and 
the Cenozoic Suez rift (Figure 8-3). Besides, it is mention by Withjack O.M. 
and Schlische R. W., et al., (2002), that these normal faults present great 
displacements and normally are affecting the basement as it is the case of the 
Norwegian margin. As it is shown in Figure 8-3, the boundary fault controls 
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other structural components, for example the uplifted zone, and the main 
trough zone. In the case of the Vøring Province, the Inner Platform (Proximal 
domain) could be the main trough area in the early rift during Late Paleozoic, 
the Terrace domain the trough for the intermediate rift during late Middle 
Jurassic, and the Gjallar Ridge-Fenris graben form the main trough area for 
the late rift event during Late Cretaceous. 
 
 
Figure 8-4 Block diagram showing an example of an accommodation zone in the Terrace Domain. 
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This research has described the uplifted features and the major role they had 
in the evolution of the rift basins and their influence on the syntectonic 
sedimentary processes. In terms of rift architecture, these uplifted areas are 
common structural features in different extensional basins and have been 
analyzed by many researches. Faulds and Varga (1998), also described the 
term accommodation zone as a group of structures that accommodate the 
strain between systems of normal faults. Rosendhal (1987), in his research on 
East-Afrikan rift architectures, highlighted the importance of accommodation 
zones and described them as vertical boundaries between adjacent rift 
segments with different regional dip polarity. In addition, the author 
differentiated Low and High Accommodation Zones, according to their 
topographic expression. Following this definition, some observed orientations 
and geometries of faults in the Terrace area could be described as an 
accommodation zone of overlapping faults active during intermediate rift stage 
(Figure 8-4). 
The Terrace domain shows strong evidence of the action of the early and 
intermediate rift stages. in this domain, many overlapping faults with synthetic 
and antithetic polarity can be observed with NNE-SSW and some NE-SW 
strike trends. This architecture generates different half graben geometries 
connected with relay ramps and transfer zones. According to Faulds and 
Varga (1998), the transfer zone is represented by a fault zone usually oriented 
parallel to the direction of the extension or slightly oblique, accommodating 
major strike-slip motion. As described in Chapter 2, the Vøring Province is 
delimited by two major strike faults the Jan Mayen Fracture Zone in the South 
and the Bivrost Fracture Zone in the North. This fracture zones show sinistral 
movements with NW-SE orientation and seems to be inherited from 
Caledonian crustal structures. The local transfer zones observed in the Halten 
Terrance and the Sklinna Ridge have the same orientation, connecting 
isolated but interacting faults (Figure 8-5). 
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Figure 8-5 Map of the Base Cretaceous unconformity showing examples of Relay Ramps and Transfer 
Zones in the Terrace Domain. During the intermediate rift (Rift 2) from Late Jurassic to Early Cretaceous 
the Inner Platform became the shelf and the Terrace the slope. 
 
Lien (2005), describe the Middle Triassic to Late Jurassic period as a phase 
of tectonic stability. This implies that the cessation of fault activity in the early 
proximal rift basin and rift-related sedimentation (Post-rift 1). However, the 
seismic analysis, especially of the Inner Trøndelag Platform, shows that major 
faults were periodically reactivated or inverted as indicated by growth strata. 
These faults were conditioning the sedimentation also during Post-rift 1 during 
Late Triassic – Middle Jurassic. Besides, these faults were relevant as in the 
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intermediate rift stage they became active and propagated until Early 
Cretaceous. 
This study has identified several fault styles in the Mid Norwegian Margin. 
Withjack O.M. and Schlische R. W., et al., (2002) did an inventory of the fault 
systems involved in rift basins, that reflects the observed fault geometry in this 
study. During the evolution of the Mid-Norwegian margin, planar and listric 
faults were common. Listric faults rooted into the basement are identified in 
the platform on both flanks of the Nordland and Sklinna Ridge. They were 
originated during rift 1 and rift 2 stages by Late Palaeozoic and late Middle 
Jurassic respectively. Additionally, the Gjallar Ridge West of Vøring basin, is 
also affected by listric faults, although the level of detachment is still matter of 
study. The normal faults are the most common characteristic of rift systems. 
However, Rosendahl (1987), mentioned that strike-slip and reverse faults are 
also very common in extensional domains. The presence of reverse faults in 
the Mid-Norwegian Margin could be related to periods of mild inversion during 
Eocene due to the onset of lithospheric ridge-push in the North Atlantic. There 
are some examples of inverted normal faults in the area of this study, 
according to Gomez et al., (2004), the Fles Fault Complex located in the axis 
of the Vøring basin suffered mild inversion after Late Cretaceous. This 
inversion divided the Distal domain into two segments; the eastern part 
comprises the Traena and Ras basins, and the western part formed by the 
wide Vigrid Syncline, the Gjallar Ridge and the Fenris Graben.  
The seismic data doesn’t cover the full extent of the basins located between 
the Sklinna Ridge and the Fles Fault Complex, however the interpretation 
shows a thickness increase of the Cretaceous sediments without major 
tectonic control. This observation agrees with Osmundsen, et al., (2018), who 
describe the Traena and Ras basin as deep and synformal depocenters, 
storing Cretaceous sediments and possible pre-Cretaceous sediments.  
In the late rift stage (Rift 3) the rift axis shifted to the west with related NE-SW 
striking normal faults affecting the Gjallar ridge and the Nyk High. This has 
been confirmed by other authors like Peron-Pinvidic and Osmundsen, (2016), 
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and Lundin and Doré (1997). The period of mild inversion in the early Cenozoic 
created a series of structures and uplifted domes, which later were affected by 
deep erosion. This has been reported by some local wells with missing 
Maastrichtian sections. There is also an important fault zone represented by 
the Rym Faults. These faults are trending NW-SE and seems to be connecting 
the Nyk High the Vema Dome and the Gjallar Ridge and played an important 
role in the period of inversion during Eocene times. 
Faleide, et al., (2008), mentions that the strike of the faults in the Platform is 
dominantly NE-SW, however, this research has identified that there are also a 
considerable number of faults with NNE-SSW orientation in the platform. 
Additionally, the faults in the Gjallar Ridge and Nyk High, that were originated 
during the late rift, have an overall strike of NE-SW. This suggest that regional 
tectonic extension had mainly Northwest direction during all the rift stages. 
 
8.2 Tectonic Evolution and Basin Geometries 
The discussion about the depocenter geometries is reviewing the results from 
Chapter 5 regarding the tectono-stratigraphic evolution of the Mid-Norwegian 
Margin. The synthesis maps (Figure 5-1, Figure 5-2, Figure 5-6, Figure 5-7 
and Figure 5-11) show the close relationship between the structural and 
depocenter geometries of the rift basins in the different tectonic stages of 
margin evolution. 
The early extensional stage (Rift 1) is documented by many authors Bukovics 
and Ziegler, 1985; Blystad et al., 1985; Doré et al., 1999; Osmundsen et al., 
2002. Although it is not easy to characterize because of the seismic response 
and the lack of well control, there is an evident thick syn-rift 1 package of Late 
Paleozoic – Early Triassic rocks in the Inner Trøndelag Platform (Proximal 
domain). This syn-sedimentary sequence is overlying Pre-Devonian 
Basement; the basement is identified as the lowermost strong seismic 
reflection (Figure 4-5). The thickness of the syn-rift 1 sequence decreases to 
the west of the platform, so it is possible that the axis of the early rift was in 
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the Inner Platform. During the early rift period NE-SW to NNE-SSW normal 
fault trends dominated the proximal rift basin. The NW and SE dipping normal 
faults are rooted into the basement and created grabens and half-grabens 
(Figure 8-6). However, Doré et al., (1999), highlighted that the rift basins in the 
Proximal domain during the early rift stage (Rift 1) are located on the 
Caledonian suture suggesting that the initial geometry was influenced by the 
Precambrian and Caledonian configuration. 
Bukovics and Ziegler (1985), mentioned that during Middle Triassic and Middle 
Jurassic times, the margin went to a tectonic quiescence period. However, the 
analysis of the structural elements in the Chapter 4 Figure 4-4, shows that 
some major faults continue acting during the post-rift 1 stage in the proximal 
domain. The adjacent areas of the Nordland Ridge subsided during the post-
rift 1 stage; whilst the master faults of the Bremstein and Revfallet Fault 
Complex and some faults in the Proximal domain were reactivated with a 
normal sense (Figure 4-16 and Figure 4-20). The analysis of these faults is 
important to understand the evolution of the basin; the main fault to the West 
of the Inner Platform has a great influence on the depocenter geometries. The 
thickness maps through time show how this fault has been acting and 
configuring the basin since the early rift stage (Figure 5-1 and Figure 5-2). 
Besides, the fault played an important role in the formation of the Nordland 
Ridge and therefore in the tilting of the platform during Jurassic times. 
Consequently, the platform created a depression eastward (Figure 5-7). 
Meanwhile in the Terrace Domain, there is a relatively flat area (Figure 5-4). 
The Terrace domain is dominated by the intermediate rift stage (Figure 8-6). 
Since late Middle Jurassic times (Bathonian) until the Early Cretaceous, 
intense normal faulting with block rotation affected the area. Furthermore, the 
major foot-wall uplift formed a structural high along the Bremstein Fault 
Complex and Revfallet Fault Complex, which separated the Terrace domain 
from the Inner Platform (Figure 5-5).
 
Figure 8-6  Conceptual sections showing the different rift stages of the Mid-Norwegian margin and their influence on each Domain in the Voring Province 
Rosendhal (1987), mentioned that lateral connection between faults and 
therefore connected sub-basins exist as the rift stage advances. The thickness 
maps in the terrace area show how the syn-rift 2 package is filling a series of 
grabens and half-grabens with NNE-SSW to NE-SW orientation. As the rift 2 
stage advanced the faults grew laterally connecting isolated sub-basins. This 
connection created a series of regional border fault systems, and therefore 
configured a wide depocenter with NE-SW trend (Figure 5-5 and Figure 8-7). 
 
Figure 8-7 Regional Map illustrating the depocenter geometries created during early, intermediate and 
late rift stages in the proximal, terrace and distal domains in the Vøring province. 
The Middle Cretaceous post-rift 2 stage started with a structural defined 
topography inherited from the previous rift 2 event. The Inner Platform became 
the shelf and from the terrace until the Ras basin, the gentle slope. Following 
Færseth and Trond (2002), the continual subsidence and the sedimentation 
rate filled the basin in a tectonically quiet stage. The post-rift 2 basin geometry 
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for the basin is described in Chapter 5.5. In Figure 4-6Figure 4-8, the wedge-
shaped Cretaceous sediments (Post-rift 2) are evidently onlapping against the 
fault scarps to the East and increase thickness towards the Vøring basin in the 
west.  
Although the post-rift 2 sedimentation didn’t experience major tectonic activity, 
there is a major implication for the new geometry of the newly form Vøring 
basin. Lien (2005), mentioned the amalgamation of the depocenters as the 
post-rift 2 sediments slowly filled the accommodation. This created a smooth 
transition to the deep Vøring Basin, hence the geometry changed to a wide 
depocenter during Cenomanian – Turonian. 
The late distal rift episode (Rift 3 in Chapters 4, 5) was characterized by NE-
SW listric faulting especially in the western part of the Vøring basin, starting 
from Campanian and culminating with the final break-up in Eocene times. 
Alternatively, Færseth and Trond (2002), divided this stage into two phases; 
the early rift phase, which is related to the large-scale normal faulting and the 
late rift phase, associated with the uplift, igneous intrusive and their 
subsequent erosion. The seismic analysis shows the erosional periods not 
only existed after the uplift during Eocene times, but also during Late 
Cretaceous proven by some wells on the Nyk High reporting missing 
stratigraphic sections. In terms of basin geometries, several aspects are 
involved in the evolution of the basins in the Distal domain. First and most 
important the normal faulting with preferred NE-SW trend controlled the 
accommodation in the west of the Vøring basin. Peron-Pinvidc and Osmudsen 
(2016), also suggest that the water and sediment load played an important 
role in the subsidence, helping to create long-wavelength anticlinal geometry 
in the distal deep-water basin. 
The tectonic evolution of the Mid-Norwegian margin has a close relationship 
with the tectonic architecture of the different domains. This tectonic 
configuration played an important role in the evolution of the petroleum 
systems in each structural domain.  
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The early rift stage was developed in proximal areas in continental to shallow 
marine environments that permitted the sedimentation of the syn-rift 1 
sequence compound by coals, limestones, and shales interbedded with 
sandstones. Then, during the post-rift 1 stage, the influx of coarse sediments 
coming from West Norway was common in the whole Trøndelag Platform. 
These good quality sandstones deposited during Late Triassic and Early 
Jurassic are the main targets of the exploration wells in the area. This indicates 
that an effective source rock was deposited during the early rift stage (Rift 1). 
However, the presence of hydrocarbon accumulations seems to be more 
effective in the Terrace than in the Proximal domains (Figure 8-8). The stepped 
configuration of the Terrace domain allowed the sedimentation of thick 
Mesozoic and Cenozoic rocks and therefore better conditions for the 
generation and migration of hydrocarbons. Additionally, the proximity between 
the source and reservoir rocks made the migration of hydrocarbons easy 
(Figure 7-2).  
In the Distal domain an effective source rock was deposited during post-rift 2, 
especially during Middle Cretaceous times. The great overburden of the 
Cretaceous sequence in the deep Vøring basin favored the generation of 
hydrocarbons. These hydrocarbons migrated and were accumulated mainly in 
the Late Cretaceous turbidite sandstones. 
The structural traps in the Vøring province were generated during the different 
rift stages, whilst the stratigraphic traps are present mainly in the post-rift 2 
stage in the Terrace domain. 
 
 
 
Figure 8-8 Chrono-stratigraphic diagram of the Vøring province. The Terrace domain presents better conditions for the accumulation of hydrocarbons. The Distal domain presents 
accumulations of hydrocarbon in Late Cretaceous and Cenozoic rocks.  The Proximal domain   has low hydrocarbon accumulations.
 
8.3 Depositional Controls 
 
In this study characteristic and distinctive basin filling patterns and sediment 
pathways have been observed in each margin domain during the different 
tectonic rift stages. The discussion in this chapter ties the results of the 
tectono-stratigraphic evolution (Chapter 5) with the analysis of the seismic 
attributes (refer to Chapter 6). The RMS amplitude anomalies and frequency 
attributes were extracted along seismic horizons that represent transitions 
between mega-sequences and therefore distinct tectonic stages. Although not 
all seismic horizons showed an optimal resolution, it is recommended for 
future works to reprocess the seismic cube on certain levels with limited 
resolution. 
The Late Paleozoic sedimentation (Syn-rift 1) in the Mid-Norwegian margin is 
controlled by the proximal rift basin (Rift 1), McKenzie (1978), mentioned that 
the sedimentary basins located over continental crust contain thick sediment 
packages; in the case of the Inner Trøndelag Platform, there is a thick 
sequence of Palaeozoic packages overlying pre-Devonian Basement. Faleide 
(2008), suggests a restricted depositional environment at this time. This 
observation is supported by the well 6609/7-1 drilled in the Nordland High that 
reports the presence of the Zechstein Formation. This formation presents 
evaporite levels interbedded with shale and sandstones. Additionally, 
Bukovics and Ziegler (1985) propose shallow-marine environments and 
swamps at the beginning of the Triassic, as the presence of coals are more 
frequent. With the observations made by these authors, it is possible to 
understand that the environments in the Inner Trøndelag Platform were 
changing from continental to shallow marine during the early rift stage (Rift 1). 
The siliciclastic sedimentation likely came from the Norwegian hinterlands in 
the East (Figure 8-9). 
During post-rift 1 stage from Late Triassic to Middle Jurassic, the environment 
changed from nearshore to intertidal; the Trøndelag Platform accumulated 
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good quality sandstones. The wells reported some of the sediments were 
immature, which indicates a proximal provenience. 
 
 
Figure 8-9  Diagram showing the sediments pathways during the early rift stage (Rift 1; Late Palaeozoic 
– Early Triassic) in the Inner Platform (Proximal Domain). During this time the sediments came mainly 
from the Norwegian mainland. 
The frequency attribute in Figure 6-5 show possible entry points in the North 
and East during Middle Jurassic time. The continued period of subsidence in 
a tectonically stable setting is mentioned by Bukovics and Ziegler (1985), 
Brekke (1987). Furthermore, the seismic interpretation in Figure 4-16 shows 
that as the subsidence continued, the Nordland Ridge started to elevate 
becoming an important geological feature that separates the Terrace domain 
from the proximal domain. This observation is supported by the presence of 
sediment pathways coming from the North and East of the Terrace area.  
Additionally, the information from the wells show different lithologies. At the 
east side of the platform the presence of mica-rich sediments is more common 
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than in the Terrace domain. The thickness of coal beds also decreases in the 
Terrace area, suggesting a more marine environment in the west of the 
platform and more restricted in the east. 
The sedimentation and the accommodation changed during the intermediate 
rift stage (Rift 2) from late Middle Jurassic until Early Cretaceous. The intense 
rift activity especially affected the Terrace Domain and the sedimentation filled 
the depocenters (Figure 8-10).  
 
Figure 8-10 Diagram showing the sediments pathways during intermediate central rift stage (Rift 2; Late 
Jurassic – Early Cretaceous) in the Terrace domain. During this time the coarse sediments came from 
the elevated Nordland Ridge. 
  
The frequency attributes in chapter 6.3 (Figure 6-7) show sediment flows 
coming from the elevated Nordland Ridge, filling the new basins in the Terrace 
domain created by the rifting activity. Brekke and Riis (1987), postulate that 
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during the intermediate rift (Rift 2) the highs and platforms underwent strong 
erosion and sediments being accumulated on the local basins (Syn-rift 2 
Figure 8-10) The wells have reported the presence of sandstones in the early 
stage of the intermediate rift phase (Rift 2) and some thin units being deposited 
during Late Jurassic and Early Cretaceous times. Ziegler (1985), also 
mentioned that by the Late Jurassic the ongoing rifting stablished a marine 
faunal connection from the Artic. Therefore, the depositional environments 
changed from transitional to open marine with the deposition of full kerogen 
source rocks (Osmundsen et al., 2002). This anoxic scenario is evidenced in 
the Spekk Formation and it is reported by all the wells in the Terrace domain. 
This is one of the most important source rocks of the Mid Norwegian Margin 
(Osmundsen et al., 2002). 
The filling patterns during Middle Cretaceous times indicate sedimentation in 
a tectonically quiet period. During this time fine-grained material was 
deposited mainly out of suspension, while the erosional processes provided 
coarse sediments. In the case of the Terrace domain, the wedge-shaped 
sediment packages were controlled by periods of denudation of material from 
the Nordland Ridge (Figure 6-9). In the case of the Distal domain, the 
depositional environment was mainly bathyal, hence the mud-prone 
sedimentation was more frequent as the basin was wider and deeper. 
Lien (2005) and Fjellanger et al., (2005), mentioned that during the post-rift 
stage in late Middle Cretaceous times (Post-rift 2), the Vøring basin received 
a considerable amount of sediments from the exposed areas in East 
Greenland. The depositional analysis in Chapter 6.5, focused on the late rift 
stage during Late Cretaceous (Rift 3) shows that It is likely that East Greenland 
continues as a source of coarse sediments especially in the West of the Vøring 
basin. Brekke (1987), explained that the marginal areas were uplifted and 
exposed and became the source of sandstones into the western part of the 
Vøring basin during Late Cretaceous times. The lithology found in the wells 
indicates that the sedimentation during Late Cretaceous times is dominated 
by shales and claystones and periods of sand influx are caused by the action 
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of turbidites and channel complexes and related fan-like deposits. The RMS 
amplitude anomalies also suggest the coarse sand levels found during 
Campanian - Maastrichtian intervals utilised the Rym Fault Zone as a 
sediment pathway to bring the sediment from Greenland into the Gjallar Ridge 
and to the Nyk High (Figure 8-11). 
 
 
Figure 8-11 Diagram showing the sediments pathways during late distal rift stage (Rift 3 Late 
Cretaceous) in the distal Domain. During this time the coarse sediments came mainly from East 
Greenland. 
 
 
 
 
 
 
 
 
157 
 
 
 
9 Conclusions 
Three structural domains were identified in this study. The Proximal domain is 
represented by the Inner Trøndelag Platform located in the east of the Vøring 
Province. This area is affected by the early rift stage (Rift 1) from Late 
Paleozoic to Early Triassic. The action of the early rift created normal faults 
with NE-SW strike direction and controlled a series of graben and half-graben 
basins. The study shows that the Norwegian highlands in the east are the main 
source of sediments during rift 1. The syn-rift 1 strata are composed of 
evaporites interbedded with shale and sandstone levels that were deposited 
in continental to margin marine environments. 
During Late Triassic-Middle Jurassic the Proximal domain experienced post-
rift 1 sedimentation represented by sandstones interbedded with shales in a 
shallow marine environment. The sandstones present good reservoir 
characteristics and they are considered the main reservoir rocks in the 
Trøndelag Platform. The Norway mainland is the main source of the coarse 
sediments and the sedimentation of the post-rift 1 sequence is controlled by 
the NE-SW faults generated during the previous rift 1 stage. 
The western part of the Trøndelag Platform is where the Terrace domain is 
located. This domain is composed of the Dønna and Halten Terraces and 
extents from the Nordland Ridge in the east to the Sklinna Ridge in the west. 
This area shows evidence of the intermediate rift stage (Rift 2) from late Middle 
Jurassic to Early Cretaceous. The action of the rift 2 stage generated normal 
faults with NE-SW and NNE-SSW strike direction. These normal faults 
controlled the geometries of the local grabens and half grabens. These were 
filled with the syn-rift 2 sequence represented by shales with excellent source 
rock characteristics and some levels of sandstones deposited in an open 
marine environment. The action of the rift 2 caused the uplift of the Nordland 
Ridge and the stepped geometry of the terrace area. The Nordland Ridge had 
experienced erosion since Late Jurassic and the sediment pathways were 
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controlled by the NE-SW and NNE-SSW fault trends until Early Cretaceous 
times.  
The Distal domain is represented by the Vøring basin formed during the 
intermediate rift stage (Rift 2) and extends from the Ras basin in the east to 
the Gjallar Ridge in the west. The Vøring basin is mainly a Cretaceous basin, 
showing evidence of post-rift 2 sedimentations during Middle Cretaceous and 
the late rift stage (Rift 3) during Late Cretaceous. The action of rift 3 is 
evidenced in the western part of the Vøring basin starting during Campanian 
times. The late rift stage generated listric faults with NE-SW direction affecting 
the area of the Gjallar Ridge and the Nyk High. The syn-rift 3 sequence 
consists of shales and claystone with levels of turbidite deposits. The coarse 
material came from East Greenland and is controlled by the NE-SW fault 
trends. The final break-up occurred during Eocene times. This event caused 
periods of uplift and erosion in the Vøring basin especially in the Vema Dome 
and Gjallar Ridge. The break-up stage also caused the addition of igneous 
bodies that affected the Cretaceous and the Early Cenozoic sequences. 
 
 
 
 
 
 
 
 
 
 
 
 
159 
 
 
 
10 References 
 
Abdelmalak M.M. et al., (2016) ‘The development of volcanic sequences at 
rifted margins: New insights from the structure and morphology of the Vøring 
Escarpment, mid-Norwegian Margin’, Journal of Geophysical Research, pp. 
5212-5234. 
Asif AA. et al., C. et al. (2015) ‘Discontinuity Attributes, their Visualization and 
Seismic Interpretation: Case Studies from Indus Basin, Pakistan’, Oil and Gas 
Research, 2(1), pp. 1–7. 
Bell, R. E. et al. (2014) ‘Insights into the development of major rift-related 
unconformities from geologically constrained subsidence modelling: Halten 
Terrace, offshore mid Norway’, Basin Research, 26(1), pp. 203–224.  
Bjørnseth, H. M. et al. (1997) ‘Structural evolution of the Vøring Basin, Norway, 
during the Late Cretaceous and Palaeogene’, Journal of the Geological 
Society, 154(3), pp. 559–563. 
Blystad, P. et al. (1995) ‘Structural elements of the Norwegian continental 
shelf. Part II. The Norwegian Sea Region.’, NPD, Norwegian Petroleum 
Directorate, Bulletin 8, pp. 1–45. 
Brekke, H. et al. (1999) ‘The prospectivity of the Vøring and Møre basins on 
the Norwegian Sea continental margin’, Petroleum Geology Conference 
Proceedings, 5(0), pp. 261–274. 
Brekke, H. and Riis, F. (1987) ‘Tectonics and basin evolution of the Norwegian 
shelf between 62 N and 72 N’, Norsk Geologisk Tidsskrift, 67, pp. 295–322. 
Bukovics, C. and Ziegler, P. A. (1985) ‘Tectonic development of the Mid-
Norway continental margin’, Marine and Petroleum Geology, 2(1), pp. 2–22.  
 
160 
 
 
Deng, C. et al. (2017) ‘Influence of fault reactivation during multiphase rifting: 
The Oseberg area, northern North Sea rift’, Marine and Petroleum Geology. 
Elsevier Ltd, 86, pp. 1252–1272.  
Doré, A., G. et al. (1999) ‘Principal tectonic events in the evolution of the 
northwest European Atlantic margin’, Petroleum Geology Conference 
Proceedings, 5(0), pp. 41–61. 
Duclaux, G., Huismans, R. S. and May, D. A. (2020) ‘Rotation, narrowing, and 
preferential reactivation of brittle structures during oblique rifting’, Earth and 
Planetary Science Letters. Elsevier B.V., 531, p. 115952. 
Færseth, R. B. and Trond, L. (2002) ‘Cretaceous evolution in the Norwegian 
Sea - A period characterized by tectonic quiescence’, Marine and Petroleum 
Geology, 19(8), pp. 1005–1027.  
Faleide, J. I. et al. (2008) ‘Structure and evolution of the continental margin off 
Norway and the Barents Sea’, Episodes, 31(1), pp. 82–91.  
Faulds, J. and Varga, J. (1998) ‘The Role of Accommodation Zones and 
Transfer Zones in the Regional Segmentation of Extended Terranes’, Nevada 
Bureau of Mines and Geology, University of Nevada. Geological Society of 
America. 
Fjellanger, E. et al. (2005) ‘Upper cretaceous basin-floor fans in the Vøring 
Basin, Mid Norway shelf’, Norwegian Petroleum Society Special Publications, 
12(C), pp. 135–164.  
Fossen, H. and Rotevatn, A. (2016) ‘Fault linkage and relay structures in 
extensional settings-A review’, Earth-Science Reviews. Elsevier B.V., 154, pp. 
14–28.  
Fossen, H. et al. (2017) ‘Post-Caledonian extension in the West Norway-
northern North Sea region: The role of structural inheritance’, Geological 
Society Special Publication, 439(1), pp. 465–486.  
161 
 
 
Gómez, M. et al. (2004) ‘Extensional geometry of the Mid Norwegian Margin 
before Early Tertiary continental breakup’, Marine and Petroleum Geology, 
21(2), pp. 177–194. 
Hansen, J. A., Bergh, S. G. and Henningsen, T. (2011) ‘Mesozoic rifting and 
basin evolution on the Lofoten and Vesterålen Margin, North-Norway; time 
constraints and regional implications’, Norsk Geologisk Tidsskrift, 91(4), pp. 
203–228. 
Hossain, S. (2020) ‘Application of seismic attribute analysis in fluvial seismic 
geomorphology’, Journal of Petroleum Exploration and Production 
Technology. Springer International Publishing, 10(3), pp. 1009–1019.  
Imber, J. et al. (2005) ‘Early tertiary sinistral transpression and fault 
reactivation in the western Vøring Basin, Norwegian Sea: Implications for 
hydrocarbon exploration and pre-breakup deformation in ocean margin 
basins’, American Association of Petroleum Geologists Bulletin, 89(8), pp. 
1043–1069. 
Koptev, A. et al. (2017) ‘Long-distance impact of Iceland plume on Norway’s 
rifted margin’, Scientific Reports, 7(1), pp. 1–11.  
Lien, T. (2005) ‘From rifting to drifting: Effects on the development of deep-
water hydrocarbon reservoirs in a passive margin setting, Norwegian Sea’, 
Norsk Geologisk Tidsskrift, 85(4), pp. 319–332. 
Lundin, E. R. and Doré, A. G. (1997) ‘A tectonic model for the Norwegian 
passive margin with implications for the NE Atlantic: Early Cretaceous to 
break-up’, Journal of the Geological Society, 154(3), pp. 545–550.  
Lysak, S. V. (1987) ‘Terrestrial heat flow of continental rifts’, Tectonophysics, 
143(1–3), pp. 31–4. 
Marsh, N. et al. (2010) ‘The structural evolution of the Halten Terrace, offshore 
Mid-Norway: Extensional fault growth and strain localisation in a multi-layer 
brittle-ductile system’, Basin Research, 22(2), pp. 195–214.  
162 
 
 
McKenzie, D. (1978) ‘Some remarks on the development of sedimentary 
basins’, Earth and Planetary Science Letters, 40(1), pp. 25–32.  
Milanovsky, E. E. (1987) ‘Rifting evolution in geological history’, 
Tectonophysics, 143(1–3), pp. 103–118.  
Mutterlose, J. et al. (2003) ‘The Greenland-Norwegian Seaway: A key area for 
understanding Late Jurassic to Early Cretaceous paleoenvironments’, 
Paleoceanography, 18(1).  
Muttoni, G. et al. (2009) ‘Opening of the Neo-tethys ocean and the pangea B 
to pangea A transformation during the permian’, GeoArabia, 14(4), pp. 17–48.  
Nøttvedt, A. (2000) ‘Integrated basin studies - Dynamics of the Norwegian 
Margin: An introduction’, Geological Society Special Publication, 167, pp. 1–
14.  
Osmundsen, P. T. and Péron-Pinvidic, G. (2018) ‘Crustal-Scale Fault 
Interaction at Rifted Margins and the Formation of Domain-Bounding 
Breakaway Complexes: Insights from Offshore Norway’, Tectonics, 37(3), pp. 
935–964.  
Osmundsen, P. T. et al. (2017) ‘Extension, hyperextension and mantle 
exhumation offshore Norway: A discussion based on 6 crustal transects’, 
Norsk Geologisk Tidsskrift, 96(4), pp. 343–372.  
Osmundsen, P. T. et al. (2002) ‘Deep structure of the Mid Norway rifted 
margin’, Norsk Geologisk Tidsskrift, 82(4), pp. 205–224. 
Peron-Pinvidic, G. and Osmundsen, P. T. (2016) ‘Architecture of the distal and 
outer domains of the Mid-Norwegian rifted margin: Insights from the Rån-
Gjallar ridges system’, Marine and Petroleum Geology. Elsevier Ltd, 77, pp. 
280–299.  
Peron-Pinvidic, G. and Osmundsen, P. T. (2018) ‘The Mid Norwegian - NE 
Greenland conjugate margins: Rifting evolution, margin segmentation, and 
breakup’, Marine and Petroleum Geology. Elsevier, 98(August), pp. 162–184.  
 
163 
 
 
Rosendahl, B. R. (1987) ‘Architecture of Continental Rifts with Special 
Reference to East Africa’, Department of Geology, Duke University, Durham, 
North Carolina 27706. pp. 445-503. 
Saeid, E. et al. (2018) ‘Detection of fluvial systems using spectral 
decomposition (Continuous wavelet transformation) and seismic multi-
attribute analysis - a new potential stratigraphic trap in the Carbonera 
Formation, Llanos Foothills’, pp. 1–10. 
Serck, C. S. and Braathen, A. (2019) ‘Extensional fault and fold growth: Impact 
on accommodation evolution and sedimentary infill’, Basin Research, 31(5), 
pp. 967–990.  
Skogseid, J. et al. (2000) NE Atlantic continental rifting and volcanic margin 
formation, Geological Society Special Publication. Department of Geology 
University of Oslo. Institute for Energy Technology. Saga Petroleum ASA. 
Steel, R. J. (1993) ‘Triassic-Jurassic megasequence stratigraphy in the 
Northern North Sea: Rift to post-rift evolution’, Petroleum Geology Conference 
Proceedings, 4(0), pp. 299–315.  
Stoker, M. S. et al. (2017) ‘An overview of the Upper Palaeozoic – Mesozoic 
stratigraphy of the NE Atlantic region British Geological Survey, The Lyell 
Centre, Research Avenue Centre for Earth Evolution and Dynamics, 
University of Oslo’, The NE Atlantic Region: A Reappraisal of Crustal 
Structure, Tectonostratigraphy and Magmatic Evolution, 447, pp. 11–68.  
Theissen-Krah, S. et al. (2017) ‘Tectonic evolution and extension at the Møre 
Margin – Offshore mid-Norway’, Tectonophysics. Elsevier, 721(March), pp. 
227–238.  
Tsikalas, F., Faleide, J. I. and Eldholm, O. (2020) ‘Late Mesozoic – Cenozoic 
structural and stratigraphic correlations between the conjugate mid-Norway 
and NE Greenland continental margins, Department Geoscience, University 
of Oslo, pp. 785-799 
 
164 
 
 
Van Balen, R. T. and Skar, T. (2000) ‘The influence of faults and intraplate 
stresses on the overpressure evolution of the Halten Terrace, mid-Norwegian 
margin’, Tectonophysics, 320(3–4), pp. 331–345.  
Van Wijk, J. W., van der Meer, R. and Cloetingh, S. A. P. L. (2004) ‘Crustal 
thickening in an extensional regime: Application to the mid-Norwegian Vøring 
margin’, Tectonophysics, 387(1–4), pp. 217–228. 
Will, T. M. and Frimmel, H. E. (2018) ‘Where does a continent prefer to break 
up? Some lessons from the South Atlantic margins’, Gondwana Research. 
International Association for Gondwana Research, 53, pp. 9–19.  
Withjack O.M. and Schlische R. W., et al., (2002) ‘Rift-Basin Structure and Its 
Influence on sedimentary systems’, Department of Geologist Science, Rutgers 
University, Piscataway, New Jersey’, (73), pp. 57–81. 
Xie, X. and Heller, P. L. (2009) ‘Plate tectonics and basin subsidence history’, 
Bulletin of the Geological Society of America, 121(1–2), pp. 55–64.  
Yutsis, V. (2018) ‘Application of Spectral Decomposition Methods to the 
Definition of Stratigraphic Features Associated with Channel Reservoirs in the 
Southeast Petroleum Province, México Application of Spectral Decomposition 
Methods to the Definition of Stratigraphic Feat’, (October).  
Zhang, K. et al. (2009) ‘Spectral decomposition illumination of reservoir facies’, 
79th Society of Exploration Geophysicists International Exposition and Annual 
Meeting 2009, SEG 2009, (February), pp. 3515–3519.  
Ziegler, P. A. and Cloetingh, S. (2004) ‘Dynamic processes controlling 
evolution of rifted basins’, Earth-Science Reviews, 64(1–2), pp. 1–50.  
  
 
